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"ECOTOXICOLOGY FOR ILLINOIS: ESTABLISHING THE RESEARCH AGENDA" 
WORKSHOP DISCUSSION AND CONCLUSIONS 
Introduction and Summary 
Linda Vogt 
Wendy Garrison 
Tom Heavisides 
Gary Miller 
On May 15-16, 1986, a workshop, "Ecotoxicology for Illinois: 
Establishing the Research Agenda," was sponsored by the Illinois Department of 
Energy and Natural Resources (DENR). Within DENR, the Division of Energy and 
Environmental Affairs (EEA) and the Hazardous Waste Research and Information 
Center (HWRIC) were involved in planning and executing the workshop. Both EEA 
and HWRIC are charged with sponsoring scientific research on current 
environmental issues. With- this workshop, DENR studied the specific topic of 
ecotoxicology. Dr. David Thomas, Director of HWRIC, noted in his welcoming 
speech the difficulty of defining exactly what ecotoxicology is; however, 
DENR was interested in the ecosystem and human health effects of toxic 
chemicals and the various biomonitoring methods for determining the nature of 
hazardous effects. The primary purpose of the workshop was to bring the 
research, regulatory, public interest and, industrial communities together to 
discuss the uses and limitations of toxicity testing, scientific developments 
in the field, and research needs. The workshop participants examined the many 
issues involved in these areas in relation to each 'other and in relation to 
public policy. Attendees included regulators, policy makers, industry 
representatives, the general public, and scientists working in both ecosystem 
effects and human health effects. The workshop was organized in four 
half-day sessions, and for each session a particular issue in ecotoxicology 
was chosen to provide the focus for the discussion of research and public 
policy. 
Following the workshop, staff involved in organlzlng the workshop met to 
compile the research needs for the state of Illinois, as expressed by many 
participants in the workshop. Therefore, each session organizer has provided 
a summary of the session and a listing.of research needs. From this work, the 
research priorities were determined. These priorities are discussed in the 
section, Research Needs, on page 17. 
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SESSION I 
THE REGULATORY USE OF TOXICITY TESTING FOR 
ENVIRONMENTAL STANDARDS AND PERMITTING 
Presenters 
Dr. David Thomas, Director, Hazardous Waste Research and 
Information Center, "Welcome and Introduction" 
Dr. Kenneth Fenner, Chief, Water Quality Branch, USEPA, Region V, 
"How Can Toxicity Testing Be Used to Establish Standards and 
as a Basis to Issue Permits for Environmental Protection?" 
Dr. Gary Miller, Research Program Coordinator, Hazardous Waste 
Research and Information Center, DENR, "Establishing the 
Research Agenda: The DENR Perspective" 
Mr. John Marshall, Manager, Research Unit, DENR, "Establishing 
the Research Agenda: The DENR Perspective" 
Mr. James B. Park, Manager, Planning Section of Water Pollution 
Control, IEPA, "Illinois' Use of Toxicity Tests" 
Dr. Gilbert Zemansky, Head, Scientific' and Technical Section, 
Illinois Pollution Control Board, "Use of Toxicology Data as 
a Basis for Environmental Standards" 
Dr. Janice Perino, Manager, Office of Chemical Safety, IEPA, 
"Integrating Toxicology into a State Environmental Regulatory 
Agency" 
The policy and management trend for the regulation of chemicals in the 
environment is toward toxicity-based pollution control through the use of 
biomonitoring. James Park of the IEPA indicated that the major generators of 
industrial wastes have been identified in Illinois and their discharges are 
regulated. This regulation includes limits on chemical discharges in effluent 
to one tenth of the 96 hr LCSO for aquatic toxicity, specific numerical water 
quality standards, and effluent standards applied to all dischargers at all 
locations. It was reported by Park that compliance to these regulations 
exceeds 90 percent with no known persistent acute toxicity occurring where 
dischargers are in compliance. 
While the Illinois example tends to indicate that these standards do 
control acute toxicity and that those parameters that are not regulated are 
not producing acute toxicity, Dr. Fenner's talk illustrated that there are 
examples where this does not hold. For instance, on the Cuyahoga River near 
Akron, Ohio, gross contamination of toxics has been cleaned up by a number of 
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means including an efficient treatment plant. By all indications, the river 
should support an abundant population of fish. However, field surveys have 
shown that the river is acutely toxic for about 10 miles below the Akron 
treatment plant. 
There are incentives in the current regulatory system that encourage the 
discharge of hazardous wastes to the sewer rather than placement in landfills, 
but, according to Dr. Fenner, USEPA Region V is trying to establish the policy 
of identifying toxic effluents and eliminating their toxicity. The USEPA did 
issue a similar policy in 1984 using the integrated approach of both chemical 
and biological monitoring. Biomonitoring programs are being established in 
many states and regions of the U.S. The permitting process is being used to 
impose biomonitoring requirements and control programs. 
Park said that, in 1984, the Illinois EPA published a ten-year plan to 
develop a comprehensive progr~m for control of toxic pollutants. This plan 
includes the elements of development of comprehensive problem assessment 
techniques, regulatory controls, and implementation programs. All 
environmental media are addressed by this program to ensure that control of 
one media does not transfer the problem to another media. Under this program 
biomonitoring includes whole effluent assessments and screening which includes 
in-stream assessments to identify areas of concern. 
Two programs within the Department of Energy and Natural Resources 
support basic and applied research that, in part, is intended to assist 
decision-makers in regulating toxics and protecting the environment. These 
are the research programs of the Division of Energy and Environmental Affairs, 
discussed by John Marshall, and the Hazardous Waste Research and Information 
Center, discussed by Gary Miller. These research programs include studies 
which are sponsored to identify problems that pose a threat to human health, 
environmental quality or economic vitality, studies to further our 
understanding of environmental processes and the effects of toxic chemicals, 
and studies to evaluate policy and other options for addressing specific 
problems. 
Issues and Research Needs 
The main issues raised in this first session that were related to the 
regulatory use of toxicity testing are shown in Table 1 through 3 along with 
the corresponding or related research need. The issues and research needs can 
be categorized according to those that relate to problem assessment, improved 
understanding of environmental fate (processes and effects), and policy 
development and evaluation. This third area includes policies that are 
intended to encourage the development or use of appropriate control/treatment 
technologies. The research needs identified are descriptions of some of the 
general types of studies that were identified. Numerous specific research 
projects could be delineated for each identified need. For example, the first 
research need identified is pertinent to the design of all toxicology 
assessments. In fact, it is likely that anyone research project could 
address several of these identified research needs~ 
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As shown in Table 1 there are several issues related to improving our 
understanding of the nature and magnitude of the toxics problems in Illinois. 
The treatment of traditional toxic substances in domestic and industrial 
wastewaters has made biomonitoring assessments easier and has reduced 
synergistic effects, including sublethal effects like biological stress. But 
there is considerable evidence that chronic effects do occur and efficient 
toxicity test methods are not available for this purpose. Test methods also 
need to be developed that are suitable for toxic screening of air, groundwater 
and soils. 
As indicated in Table 2 our understanding of the movement and effects of 
toxic chemicals in the environment is less well understood than human health 
effects. Standards are primarily set based on human health effects. Field 
data are limited on the effects of toxic chemicals on ecosystems and on their 
bioaccumulation in the food chain. There are .also major limitations to the 
methods used for evaluating human health effects from exposure to these 
chemicals. In general, field studies are needed to develop a more complete 
understanding in each of these areas. 
Policy development and analysis issues identified are shown in Table 3. 
The legal basis for imposing specific biomonitoring conditions on permit 
applications is being established in Illinois. Also needed are defensible 
techniques or methods that can be imposed for control of toxic effluents. In 
other words, the treatment effectiveness of various technologies and 
management approaches are not known for many toxic chemicals or waste streams. 
For those chemicals, both regulated and unregulated, that are highly toxic at 
low concentrations, control or treatment technologies not only need to be 
identified but the legal basis to require the use of those technologies is 
needed. At the present time, the results of biotesting of specific waste 
streams to establish BAT standards may not be defensible in court. There are 
a number of policy options to achieve control of toxic chemicals by limiting 
their release. These range from effluent standards to specification of 
control technologies. The advantages and disadvantages of these options need 
to be evaluated for their effectiveness and economic implications on a 
case-by-case basis. 
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Table 1: 
PROBLEM ASSESSMENT ISSUES AND RESEARCH NEEDS IDENTIFIED 
ISSUES 
Literature data on toxic 
levels and effects are not 
comparative. (Different test 
organisms and conditions) 
Regulatory efforts have 
focused on elimination of 
acute tox~ci ty .. 
Tests for whole effluent 
monitoring are limited by 
interferences and lack of 
sensitivity to toxic effects at 
low concentrations. 
Most toxicity tests have 
been developed and applied 
to aquatic organisms. 
Much of the toxicity data 
is derived from laboratory 
studies with limited 
application to field 
monitoring. 
RESEARCH NEEDS 
Studies should include comparative 
toxicity tests with standard or 
reference organisms. 
Test conditions should be clearly 
defined and/or standard conditions 
developed. 
Methods for extrapolation of 
results from one test condition 
or organism.to another need to 
be developed and verified. 
Develop and test methods for 
chronic/sublethal effects 
monitoring that are not 
greatly time consuming or costly. 
Test species are needed that are 
representative of the ecosystem. 
More sensitive methods are needed 
that are appropriate for those 
chemicals that are toxic at trace 
levels. 
Build a data base on the toxic 
effects of waste mixtures. 
Develop and test methods for 
airborne toxics and for screening 
ground water and soils. 
Apply a battery of toxicity tests 
to monitoring effluents to determine the 
toxicity to the receiving stream ecosystem. 
Dev~se relationships for extrapo-
lation of laboratory data to the 
environment. 
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Table 2: 
ENVIRONMENTAL FATE ISSUES AND RESEARCH NEEDS IDENTIFIED 
ISSUES 
Limited field data avail-
able on ecosystem (including 
synergistic) effects because 
of costs, length, and efforts 
required for such studies. 
Bioaccumulation/bioconcen-
tration factors and effects 
are largely unknown (except 
for some species of fish) 
Tests to evaluate the human 
health effects of toxics 
. are limited - appropriateness 
of the Ames test. 
RESEARCH NEEDS 
Development and testing of 
rationale/methodologies for 
such studies. 
Validation of predictive approaches 
such as the use of octanol/water 
partition coefficients. 
Rates for controlling processes 
need to be determined. 
Predictive models need to be 
devised and tested. 
Improved extrapolation rationale 
and methods . 
Testing of epidemiologic methods 
for chronic effects. 
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Table 3: 
POLICY DEVELOPMENT AND EVALUATION ISSUES AND RESEARCH NEEDS IDENTIFIED 
ISSUES 
The legal basis for the use 
of biomonitoring to control 
toxics in general. 
Lack of defined responses 
appropriate to control 
toxics once detected. 
RESEARCH NEEDS 
Devise regulatory policy and intent 
to include authority for discharger-
specific conditions. 
Develop and evaluate test methods 
to be legally defensible. 
Define the levels of control neede4 
for environmental protection 
(chronic toxicity, bioconcentration 
limits, human health affects). 
Develop regulations to allow 
specification of treatment/removal 
levels or best available control 
technology. 
Develop and evaluate control 
technologies for effective removal 
of unconventional contaminants. 
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SESSION II 
TOXICITY EVALUATIONS FOR ECOSYSTEM EFFECTS OF TOXIC MATERIALS 
Presenters 
Dr. Robert L. Metcalf, Professor of Biology, Entomology and 
Environmental Studies, University of Illinois, "Issue 
Introduction: Toxicity Evaluations for Ecosystem Effects of 
Toxic Materials" 
Dr. Wun-Cheng Wang, Professional Scientist, Illinois State Water 
Survey, "Direct Phytoassay for Toxicity Testing of Hazardous 
Wastes" 
Dr. Philippe Ross, Associate Professional Sci~ntist, Illinois 
State Natural History Survey, "Contaminated Lake Sediments" 
Mr. James Whitaker, Aquatic Toxicologist, Illinois Environmental 
Protection Agency, "Technical Aspects of the Illinois 
Environmental Protection Agency's Aquatic Toxicological 
Testing Program" 
Dr. Thomas W. LaPoint, Aquatic Ecologist, U.S. Fish and Wildlife 
Service, "Extrapolating Laboratory Toxicity Data to 
Ecosystem-Level Effects: Benefits and Limitations" 
The second session of the first day examined several methods of 
biological monitoring of toxic chemicals for ecosystem level effects. The 
session was introduced by Dr. Robert Metcalf, who gave a history of some of 
our chemical "mistakes" and introduced the audience to the concept of 
ecosystem testing. Having been an originator of ecosystem testing and having 
had extensive experience with this type of testing, Dr. Metcalf was able to 
refer to his own results to illustrate his talk. He began by noting that 
there are approximately 60,000 chemicals entering our environment and that 
500-.700 new chemicals are introduced"each year. When a 1977 study by the 
National Academy of Sciences attempted to define acceptable daily intake 
values for some 200 widely used pesticides and industrial chemicals, it 
concluded that the available toxicological data base was inadequate to develop 
a regulatory framework. Dr. Metcalf also referred to DDT, to the 
polychlorinated biphenyls, to vinyl chloride, and to ethylene dibromide as 
some examples of chemicals widely produced in the United States which later 
were discovered to be toxic. Both the number of chemicals and our "mistakes" 
point to the vast gaps in knowledge that vie have in regulating specific 
chemicals. However, Dr. Metcalf concluded that ecosystem testing could be 
useful for determining 
1. fate of chemicals in the environment 
2. behavioral effects on organisms 
3. identification and quantification of ecosystem processes 
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4. evaluation of the interactions between chemicals in the environment 
5. evaluation of biochemical mechanisms involved in comparative 
toxicology in a variety of organisms, and 
6. screening of a variety of analogues or derivatives of a potential new 
. product to determine their relative environmental behavior and 
safety. 
Dr. Wun-cheng Wang's experience as a researcher has been to work with 
plant seeds as a bioassay. Dr. Wang believes in using plant species to 
determine toxicity since plants are an essential part of the ecosystem. 
Damage to the plant ecosystem is often a forerunner to damage to animal life. 
In particular, Dr. Wang noted that the results of the millet root elongation 
test as a terrestrial bioassay compare favorably with cucumber and lettuce 
seed tests. His work with duckweed also shows that the test results with this 
plan compare favorably with fish to determine the toxicity of seven heavy 
metals. Duckweed can also be used to determine herbicide toxicity because 
herbicide compounds tend to concentrate at the air-surface interface. 
Dr. Phillippe Ross's recent work has been to study the toxicity of 
sediments in Waukegan Harbor. He pointed out the usefulness of lake sediments 
in fingerprinting long term trends in surface water history as well as the 
magn1fying effect shown by sediments because they accumulate toxic materials. 
Although it was previously thought that sediments acted as a sink for toxics, 
which prevented them from re-entering the environment, it is now realized that 
many of these contaminants can be recycled into the environment through 
various mechanisms. Dr. Ross is currently using a battery of four bioassays, 
including a eukaryote, plant and animal test, and an in situ community test 
to evaluate the environmental hazards of sediment samples. He uses a number 
of tests since, he says., that no one test can predict ecosystem level effects. 
The focus of Mr. Whitaker's speech was on the IEPA's mobile biological 
monitoring laboratory. The goal of the program is to use biomonitoring as a 
tool to assess the impacts of potentially toxic chemical substances, complex 
discharges and hazardous waste sites from a multimedia perspective. He 
pointed out the problems with the chemical specific testing approach, problems 
which the mobile laboratory is designed to address. The primary acute test 
used by them is the 96-hour fathead minnow and the 48-hour daphnid bioassays. 
The chronic tests use the 96-hour algal growth test. Other tests are expected 
to be incorporated at a later date. 
Dr. Thomas LaPoint used his biomonitoring research on Prickly Pear Creek 
in Montana as a basis for his talk. During a three-year sampling period, the 
mobile laboratory measured numerous parameters to determine stream response to 
metals contamination. Dr. LaPoint became particularly interested in the 
phenomena of acclimation, and found that some trout can become acclimated to 
metal contamination; however, the fish exhibited increased sensitization to 
whole refinery effluent. 
The sheer number of chemicals and the lack of data concerning them was of 
course an over arching issue in the discussion of the various bioassays for 
determining environmental hazard. The numbers provided by Dr. Metcalf 
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provided the backdrop for the practical application of tests. Affordability of 
tests was a problem alluded to in several workshops. The other generally 
agreed upon issue was the limitations of the chemical specific tests. For 
example, the chemical specific approach cannot measure the synergistic or 
antagonistic effects of chemicals among themselves, nor can it take into 
account the receiving stream characteristics such as pH, hardness, total 
suspended solids, and so on. Another problem with the chemical specific 
approach is that it can only analyze for a substance which is known and is 
suspected to exist in the aquatic environment. This mindset could lead to a 
substance being neglected in a mixture and therefore not looked or tested for. 
Biomonitoring was agreed upon as a method which is experiencing increasing 
popularity. Withinbio~ogical testing, however, other points of controversy 
exist. For example, the method and route of exposure can vary and may change 
depending upon what the object of the test is to be. In addition, the number 
of bioassays has proliferated, and the type of test being used may be a 
debate. In the past, scientists have attempted to gear testing to the "most 
sensitive species." Since no one species can be found to be the most 
sensitive when dealing with complex mixtures, multispecies testing has come 
more into vogue. However, even multispecies testing cannot simulate the 
complex environment into which foreign chemicals are introduced. This problem 
has led to the formulation of increasingly complex ecosystems which are used 
for testing. The mesocosms are another. step in moving along a more realistic 
continuum; however, such testing becomes expensive and time consuming at this 
scale. 
In relation to laboratory tests, Mr. Whitaker pointed out several issues. 
These are 1) the ecological relevance, meaning that results must be 
predictable to instream impacts; 2) the selection of test species, although 
standard species are now increasingly accepted; 3) fluctuations in effluent 
characteristics, which may be addressed by the proper design of a sampling and 
testing program; and 4) interactions of effluents with receiving waters. 
Other limitations of laboratory bioassays are the lack of information about 
behavioral effects, such as competition and predation. However, laboratory 
bioassays do provide practical estimates of toxicity that quite often work and 
that one can use to evaluate relative toxicity of large numbers of chemicals 
in a relatively inexpensive fashion. 
The thrust of research in this area seems to be increasingly toward 
simulating the environment as closely as possible and monitoring the effects 
of an introduced substance. In the early days of chemical introduction, the 
world was the laboratory. Now, to conduct their experiments, scientists seek 
to recreate the world in which the organisms occur as closely as possible in 
the laboratory. The limitations of the chemical specific method, and in 
particular its inability to predict the synergistic and antagonistic effects 
of groups of chemicals, seem to demand a more complex testing envirorunent. 
Thus the efforts of the USEPA to develop mesocosms. However, this type of 
testing also requires greater expense and greater time. Along with the more 
complex systems, there also seems to be a need to develop an inexpensive and 
quick bioassay as an "early warning device" that indicates a problem with an 
effluent or chemical. Out of the array of bioassays on the market, none has 
emerged to suitably fit this function. Another area of research which could 
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be addressed by biological monitoring is the long term effects of low levels 
of pollutants. In summary, the following research needs emerged from the 
discussions presented in the afternoon session: 
1. Methods of testing which more closely simulate the 
environment. 
2. A quick and simple bioassay to use as a screening device. 
3. The long term effects of low levels of pollutants. 
11. 
receiving 
SESSION III 
ECOLOGICAL TOXICITY TESTING AS A TOOL FOR ASSESSING 
HUMAN HEALTH EFFECTS OF ENVIRONMENTAL CONTAMINATION 
Presenters 
Dr. Robert Spengler, Division Chief, Epidemiology Studies, 
Illinois Department of Public Health, Moderator 
Dr. Frederick J. de Serres, Associate Director for Genetics, 
National Institute of Environmental Health Sciences, "Use of 
Short-Term Tests for Genotoxicity to Evaluate Mutagenic and 
Carcinogenic Potential of Environmental Chemicals" 
Dr. Michael Plewa, Associate Professor, Institute for 
Environmental Studies, University of Illinois, 
Champaign-Urbana, "Development of a Risk Assessment Model to 
Extrapolate Genetic Damage from Short-Term Biological Assays 
to Humans" 
Dr. Te-Hsiu Ma, Professor of Biology, Institute for Environmental 
Management, Western Illinois University, "In-situ Monitoring 
of Pollutants with In-vivo Bioassays. 
Dr. Jane Keller, Environmental Epidemiologist, Division of 
Environmental Health, Illinois Department of Public Health, 
"Limitations of the Epidemiological Method" 
Session III attempted to address a very broad issue, one which includes 
the classical dilemma facing environmental . toxicology, which is the 
implications to humans of biological tests on non-human organisms, given the 
limitations of epidemiological methods. For very practical reasons,' most 
information on a chemical's toxicity is put together based on studies from a 
broad range of non-human organisms, i.e., tests on microbial organisms, 
plants, small mammals, fish, etc. The presenters discussed the pro's and 
con's of different types of plant and animal tests as well as the difficulty 
encountered in human epidemiology studies. Some of the general limitations of 
epidemiological studies as expressed by Dr. Keller included ethical 
constraints, variability of the human genetic composition, variability of the 
human environment, the multi-causal nature of most non-infectious diseases and 
the real difficulty in quantifying exposure. Thus, the apparent conclusion of 
the session is that, given the limitations of human studies, non-human tests 
continue to provide important environmental toxicological information. 
Further, while 
desirable analysis 
"successful" epidemiology studies 
for environmental toxics because 
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would 
they 
be the most 
examine health 
impacts on humans, there are too many questions and variables to contend with. 
In addition, epidemiology studies cannot deal with the introduction of new 
chemicals into commerce and the environment. 
A most critical aspect of the various bioassays is to recognize them as 
screening devices or warnings. The key will be to tailor development and 
applications of bioassay tests in an appropriate fashion to meet the various 
needs of decision makers. The different presentations were an example of that 
logic. 
Major research needs were identified in the following areas: 
1. A battery of tests is needed including both in-vivo and in-vitro tests to 
evaluate the mutagenic and carcinogenic potential of environmental 
chemicals; 
2. A risk assessment model of genotoxic ,substances as described by Dr. Plewa 
should be developed based on short-term genetic assays, standardized to 
ionizing radiation and extrapolated to human beings; and 
3. Various in-vivo bioassays are available for conducting in-situ 
monitoring for a true-to-life picture of exposure to environmental 
chemicals. 
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SESSION IV 
USES OF TOXICOLOGICAL DATA: LIMITATIONS AND RESEARCH NEEDS 
Presenters 
Dr. Robert Ginsburg, Director, Citizens for a Better Environment, 
"The Politics of Public Health, Toxicology and the Regulation 
of Toxic Substances" 
Ms. Wendy Garrison, Research Scientist, Hazardous Waste Research 
and Information Center, DENR. "An Approach to Assigning a 
Relative Degree of Hazard Ranking to Industrial Waste 
Streams" 
Dr. Richard Kimerle, Senior Science Fellow, Monsanto Company, St. 
Louis. "Environmental Hazard Assessment Program/Guidance for 
Research Needs" 
Dr. James Fava, Battelle Laboratories, Columbus Division. 
and Interpretation of Toxicity Tests" 
"Uses 
This session was based on the theme of practical applications of 
ecotoxicological tests. 
Two of the speakers in this session, Dr. Richard Kimerle and Dr. James 
Fava, took a similar approach to the issues. In speaking of water quality, 
they both endorsed the concept that for every chemical there is an 
environmental concentration below which there are no measurable effects on 
aquatic life or human health. They both maintained that as long as the actual 
environmental concentration for the chemical in question is below the 
threshold for impact, there was no need for concern or further research. When 
either value (actual environmental concentration, or concentration of no 
observable environmental effects) was not known, a large "margin of safety" 
was needed to assure that the environmental concentration did not exceed the 
"no effects" concentration. Both Kimerle and Fava suggested that research 
focus on increasing confidence in either of the two values above so that the 
margin of safety could be decreased (and effluents be increased). The 
underlying premise behind both presentations is that industries be allowed to 
discharge chemicals that, when diluted by natural processes, would fall below 
the threshold values. 
Dr. Robert Ginsburg addressed and questioned some of the assumptions made 
in determining public policy and regulatory standards. He focused attention 
both on the data itself and on its "interpretability". He maintained that 
data cannot be entirely objective, as many believe, but reflects biases. 
As an example of biases in the data, Ginsburg pointed out that our system 
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encourages the concept of "innocent until proven guilty" for chemicals. 
Currently accepted statistical methods lead researchers to err on the side of 
false negatives rather than false positives. This leads to treatment of 
non-positive results as if they were negative. In many areas of research this 
is desirable to prevent "finding" associations where none exist. However, in 
the field of chemical toxicity testing it means that if not statistically 
"proved" to be harmful, chemicals are considered harmless. He also pointed 
out that the public is not consulted when such assumptions (which may 
ultimately affect their health) are made and acted upon. Not only are we 
faced with the difficulties of finding effects of a given chemical or a given 
organism in a controlled situation, the problems multiply when we extrapolate 
the results to ecosystem and human health effects. 
Dr. Ginsburg advocated that risk assessment, (presumably including the 
concept endorsed by Kimerle and Fava) be discarded, that we find "yes" or "no" 
answers to the question of whether a chemical is dangerous. If the answer is 
"yes", he proposed that we do everything possible to minimize the waste 
generated and to keep it from entering the environment. This approach is 
different than that mentioned above, which would allow for the addition of 
even hazardous substances into the environment if diluted. However, another 
of Ginsburg's points appeared to have been addressed by the concepts above. 
He thought that we should acknowledge biases and uncertainties in "factual" 
data and take these into account when setting standards. 
He also objected to the single chemical approach endorsed by Kimerle and 
Fava, noting that environmental systems and humans are exposed to multiple 
chemicals via multiple routes (for example, air and drinking water). 
Dr. Ginsburg criticized the current climate in which scientists are 
expected to perform "science" in a vacuum, and politicians and planners are 
expected to decide what to do with the scientific information. 
Wendy Garrison, citing the fact that states must take regulatory action 
even in the lack of scientific certainty, outlined a method for assigning to a 
waste stream a relative degree of hazard ranking, based on the best available 
scientific information on its constituents. This was similar to Bob 
Ginsburg's proposed "yes"/"no" approach in that waste streams assigned higher 
degrees of hazard could be required to be disposed of in the most secure 
landfills. Only those with negligible degrees of hazard could be allowed at 
less secure sites. 
The "Degree-of-Hazard" system, designed under a Illinois legislative 
mandate, employs the use of waste stream component identification now reported 
to IEPA. The system compares each chemical substance in the waste stream to a 
series of lists, standards, or definitions. On that basis, a numerical 
ranking is assigned. For example, in one part of the analysis a chemical 
reported to be lethal to fish in small doses would be given a high ranking 
while one lethal only in large doses would be assigned a lower value. These 
values are then included in an equation that accounts for both the effects as 
described above and the relative concentration of that component in the waste 
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stream. Factors considered are toxicity (carcinogenicity, 
aquatic toxicity), in conjunction with persistence in 
biological characteristics, infectious characteristics, 
flammability, and pH. After adjusting for the total amount 
of, a relative degree of hazard ranking (high, medium, low 
be assigned to a waste stream. 
acute toxicity, 
the environment, 
ignitability and 
or volume disposed 
or negligible) can 
Despite the various issues raised and approaches taken, the following 
research needs seemed to be common to all speakers. 
l. 
2. 
Need 
a. 
b. 
c. 
for toxicological testing: 
on additional chemicals 
on complex mixtures 
to include more emphasis on acute effects 
along with continuation of work on chronic 
effects (mutagenicity and carcinogenicity) 
Need to end the separation between scientists and 
policymakers. Need for scientists to design experiments 
with societal uses in mind. 
3. Need for research on the environmental fate of 
chemicals. 
4. Need to establish methods for identification of toxic 
constituents in complex mixtures. 
·5. Need for methods to reduce the toxicity of the above 
toxic components. 
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RESEARCH NEEDS 
The lack of information in the field of ecotoxicology is such that the 
opportunities for research are extensive and such that there are many areas of 
research that are important because of the possible ramifications of each new 
chemical entering the environment. In regard to the following list, an attempt 
has been made to include the complete list of research needs as developed in 
the preceding summaries. However, because of overlap or other 
considerations, specific items may have been combined and wording changed. 
In approaching the difficult task of setting priorities, most research 
seemed to fall into three general areas. The first category discussed is the 
development of toxicological testing methods. The second and third categories 
are the interpretation and prediction of test results and the development ot a 
toxicological data base. The following presents a discussion of research 
priorities in these three areas. 
TOXICOLOGICAL TESTING METHODS 
Development of Toxicological Testing Methods 
High Priority Research Areas 
Tests for whole effluent monitoring are limited by interferences and lack 
of sensitivity to toxic effects at low concentrations. In ecosystem studies, 
variability is often so large that only the grossest changes due to chemical' 
contaminants can be statistically detected. More sensitive methods are needed 
that are appropriate for those chemicals that are toxic at trace levels. 
Most toxicity tests have been developed and applied to aquatic organisms. 
However, airborne toxics are becoming of great concern, and there is a need to 
develop and test biomonitoring methods to determine the presence of airborne 
toxics. 
Although many indices are available for assessing ecosystem health, 
little is known about the effects on an ecosystem of a particular chemical or 
waste stream. In situ or field biomonitoring methods are needed for both 
detecting pollutants before their impacts can be observed in an ecosystem and 
for determining the effects on an ecosystem (such as changes in species 
composition and productivity) of the release of a contaminant. 
Development of Toxicological Testing Methods 
Medium Priority Research Areas 
The issue of chronic/sublethal effects vs. acute effects was often 
mentioned in this two-day workshop. To date, tests on chemicals have been 
either crude indicators of general acute toxicity (fish LD50s, microtox, etc.) 
or indicators of potential human carcinogenicity. The Ames test, in 
particular, has been heavily used for the latter purpose. More representative 
tests are needed to elucidate mechanisms of acute toxicity. Much emphasis is 
now being placed on supplementing the Ames test to predict human toxicity, and 
while important, that is not deemed a high priority research area for DENR. 
The development of such a test is beyond the scope of anyone state's research 
program and would require a long~term effort. 
Another research need mentioned in the workshop was to develop and test 
biomonitoring methods to screen for the presence of toxics in groundwater and 
soils. However, because tests are available and/or being developed for these 
two mediums, this area was considered to be of medium priority for the 
research programs of the Department. 
Development of Toxicological Testing Methods 
Low Priority Research Areas 
Also mentioned, but considered to be of lower priority, were two other 
areas. The first was to develop test species that are representative of the 
ecosystem being tested. This area was deemed a lower priority because 
standard test species such as the fathead minnow reside in most streams in 
Illinois. However, if in the future, an ecosystem in Illinois is being 
monitored with standard test species, and commonly used test species are not 
natura~ly represented in that ecosystem, then this area would become a higher 
research priority. 
Another area deemed low in priority is the development of laboratory 
testing methods which more closely simulate the receiving environment. Much 
work has been done on microcosms. The difficulty of accurately reproducing 
complex ecosystems in the lab, or maintaining the integrity of ecosystem 
components brought back to the lab, limits the usefulness of this approach. 
In situ methods should be given priority over laboratory methods and are 
mentioned earlier as a high priority need. 
INTERPRETATION AND PREDICTION 
A second general area in which research topics were often identified is 
the development of techniques for interpreting and predicting results from 
existing toxicological tests. In general, this category encompasses fewer 
high priority topics. 
Interpretation and Prediction 
High Priority Research Area 
Much of the literature data on toxic levels and effects are not 
comparative. Methods for extrapolation of results from one test condition or 
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organism to another need to be developed and verified. 
Interpretation and Prediction 
Medium Priority Research Area 
Much of the toxicity data is 
application to field monitoring. 
for extrapolation from laboratory 
derived from laboratory studies with limited 
Research to devise predictive relationships 
data to the environment is needed. 
Interpretation and Prediction 
Low Priority Research Areas 
Bioaccumulation/bioconcentration factors and effects are largely unknown, 
except for some species of fish. Although considered to be of lower priority 
to the Departmental research program, several research areas were discussed to 
address this lack of information. These include the validation of predictive 
approaches such as the use of octanol/water partition coefficients, 
determination of processes which control bioaccumulation rates, and 
development and testing of predictive models. 
Tests to evaluate the human health effects of tpxics are limited. 
Although the Ames test is often used, its appropriateness and accuracy in all 
cases was questioned in the workshop. Other tests are needed. In particular, 
the need to verify and refine epidemiological methods to determine chronic 
effects was mentioned. 
BUILDING A DATA BASE 
Adequate toxicological testing may not have been conducted on many 
chemicals that are released to the environment. Building a database implies 
the use of already established tests to evaluate the impacts of such 
chemicals. These efforts are often not initiated at the state level because 
of the amount of time and expense involved in conducting the tests and 
compiling the resultant data in a readily accessible form. This entire area 
is assigned a medium priority because, although the need is great, it 'is felt 
that this is the primary responsibility of the industries that produce and 
sell the chemicals and the international research community, not just one 
state. Where a particular need is identified for a specific chemical or waste 
stream, however, DENR would consider undertaking such testing and cataloguing 
of data in order to protect public health and the environment and to 
demonstrate the value of this approach. In particular, existing biomonitoring 
methods could be used to collect data on specific sites if evidence points to 
a toxicity problem for which data were inadequate. 
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Welcome and Introduction 
Dr. David L. Thomas, Director 
Hazardous Waste Research and Information Center 
Department of Energy and Natural Resources 
Savoy, Illinois 
It is a real pleasure to be here and to see such a good turnout for the 
first major conference to be put on by the Hazardous Waste Research and 
Information Center and the Division of Energy and Environmental Affairs. We 
are excited about exploring with you the status and future of this significant 
research area and hope you will freely share your ideas and knowledge with us. 
The speed at which things are happening in the whole hazardous waste 
field is frightening. If you are like me, you are lucky to be able to keep up 
with just a portion of the reading that comes across your desk each day. As 
someone has said, even keeping up with the hazardous waste regulations is like 
playing checkers with live mice. No sooner do you feel that you have things 
in order, then everything is in chaos again. Hopefully this conference will 
give us a start ~t slowing the mice down. 
As I was preparing my opening remarks, I realized that it was just one 
year ago that I took the job as the director of the newly-formed Hazardous 
Waste Research and Information Center here in Illinois. I had come from an 
architect/engineering firm in Boston, and much of my hazardous waste-related 
experience involved determining the ecosystem impacts of various levels of 
contaminants. Searching through the literature quickly made me. aware that for 
.many chemicals there was little or no information available concerning toxic 
effects. And where there was information, test conditions or the species 
tested differed, so that the results were often difficult to interpret. As we 
have worked at developing our research program here in I~linois, we have 
grappled with the question of what types of research projects should we be 
sponsoring in the area of ecotoxicology. During this conference you will hear 
about some of the research we are conducting. Beyond that, we are looking to 
all of you for direction on where we need to head in the future. There is no 
doubt in my mind that ecotoxicology testing will take on greater significance 
in the future and will form the basis for much of the risk assessments that we 
will have to conduct. 
Now that I have thrown the responsibility on all of your shoulders to 
guide us in this area for the future, I would like to extend a welcome to you 
from all of us in the Illinois Department of Energy and Natural Resources, and 
a special greeting from our director, Dr. Don Etchison, who could not be with 
us today. 
This conference is being sponsored by two groups within the department: 
the Hazardous Waste Resea~ch and Information Center and the Division of Energy 
and Environmental Affairs. Co-sponsors' for the conference· are . the Illinois 
EPA, Department of Public Health, Pollution Control Board and the Department 
of Nuclear Safety. I wish to thank these agencies and their participants in 
23 
this conference. I also wish to thank the many who have worked hard to assure 
that this conference will be a success. In particular I thank Wendy Garrison, 
Christina Komadina and Gary Miller of my staff; and Linda Vogt, Torn Heavisides 
and John Marshall of the Energy and Environmental Affairs Division in 
Springfield. And of course, I want to thank Craig Weidemann and the 
University of Illinois Office of Conferences and Institutes who have been the 
primary coordinators for the conference. 
For those of you not familiar with Illinois government (and for many of 
you who are), I would like to briefly describe the agencies in this 
conference. The Department of Energy and Natural Resources is a research and 
long range planning branch of state government. It includes as divisions the 
three scientific surveys located here in Urbana-Champaign (State Water Survey, 
Natural History Survey and State Geological Survey), and the State Museum and 
the Energy and Environmental Affairs Division in Springfield. The Hazardous 
Waste Research and Information Center was formed about a year and a half ago 
within the Department and is administered by the State Water Survey. Both the 
Center and Energy and Environmental Affairs groups sponsor research in the 
hazardous waste area and these programs will be discussed further this morning 
by Dr. Gary Miller and John Marshall. 
There are a number of other agencies and groups in the state involved 
with hazardous waste issues and some of them are represented as co-sponsors 
and speakers at this conference. I will mention just a few and their primary 
areas of responsibility in regards to hazardous waste. The Illinois 
Environmental Protection. Agency is the primary environmental regulatory, 
monitoring and prelitigation enforcement agency in Illinois. The Pollution 
Control Board is the environmental rule-making body in the state. The 
Illinois Department of Public .Health issues health advisories and is 
responsible for the Health· and Hazardous Substances Registry and the 
Department of Nuclear Safety is involved with radioactive material and waste 
handling. 
We have organized the conference into four sessions. This morning's and 
Friday afternoon's sessions deal with uses of toxicological data by regulatory 
and other agencies, and by those working with industry to help them comply 
with regulations. Session II, this afternoon, concerns ecosystem effects of 
toxic chemicals, and the Friday morning session deals with how these studies 
can be used to determine the human health effects of toxic chemicals. The 
ultimate goal of the conference is to guide the Department of Energy and 
Natural Resources in the development of a research agenda for ecotoxicological 
studies. 
We have organized each session of the conference so that we will have an 
hour at the conclusion of the last paper for a panel discussion. We urge you 
to write your questions on the cards provided. These cards will be collected 
before the first break and after the last talk. If there is time after each 
talk, the moderator may entertain a few questions from the floor. However, 
most questions and comments will be covered in the panel discussion. Besides 
the written questions, we also encourage you to ask follow-up questions from 
the floor, and hope that a lively discussion will ensue. 
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Before I introduce our keynote speaker, I would like to bring up a point 
about definitions. I asked my staff if there was a consensus among 
researchers and regulators on how ecotoxicology and environmental toxicology 
were defined. Dr. Phil Ross said there were at least three recent definitions 
of ecotoxicology that he was aware of and he gave me two of them: 
1. One was that ecotoxicology is the science that deals with 
ecosystem level effects of toxic substances. 
2. Another definition is that it is a branch of science dealing 
with the assessment of the hazards and impacts of known and 
suspected pollutants entering the ecosystem. 
In the simplest of terms, ecotoxicology involves tests of chemicals on 
predominantly lower animals such as fish, invertebrates and algae, with the 
ultimate goal of making proj ections to ecosystem effects. -Environmental 
toxicology involves tests of chemicals on predominantly mammals with the 
ultimate goal of making projections to human health effects. However, what we 
are beginning to address in this conference is the use of ecotoxicology tests 
to make projections to human health effects . 
. 
Each of the speakers may wish to consider how they are 
terms, particularly if they vary significantly from the brief 
have given above. 
defining these 
definitions I 
It is with pleasure that I now introduce our keynote speaker, Mr. Kenneth 
Fenner, who is chief of the Water Quality Branch of-USEPA's Region V Office in 
Chicago. Mr. Fenner has been in this position since 1982, and has managed all 
Clean Water Act regulatory programs. From 1980 to 1982 he was manager of the 
Region's Water and Hazardous Material Enforcement Programs. Mr. Fenner is an 
attorney and also has experience as an epidemiologist. Mr. Fenner's talk will 
provide us an overview on the four major topics of the conference and is 
titled "The Future of Biomonitoring in Protecting the Environment." 
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The Future of Biomonitoring in Protecting the Environment 
Mr. Kenneth Fenner, Chief 
Water Quality Branch 
U.S. Environmental Protection Agency, Region V 
Chicago, Illinois 
ABSTRACT 
This presentation will focus on the four basic topics of the workshop: 1) 
the use of biomonitoring in establishing standards and issuing permits; 2) the 
use of biomonitoring to determine ecosystem effects of hazardous wastes; 3) 
the . use of biomonitoring to assess human health effects of environmental 
contamination; and 4) the limitations and research needs associated with using 
toxicological data for environmental protection. Each topic will be discussed 
in relation to the pollution control activities within the Water Division of 
Region V, recognizing, however, that the principles of biological monitoring 
can be applied to the protection of other essential components of the 
ecosystem (i.e., air, soil and groundwater). The impetus behind our current 
biomonitoring efforts stems from the collective realization that to identify 
and resolve complex environmental problems requires the application of all the 
available tools (chemical, biological, mathematical, etc.). .The current 
regional program in biomonitoring will be described together with our efforts 
to implement appropriate controls on industrial and municipal discharges. 
Based on the region's experience over the past five to ten years, 
recommendations will be made for future research and future directions for 
biological monitoring within"a regulatory program for pollution control. 
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The Future of Biomonitoring in Protecting the Environment 
(Transcription) 
Mr. Kenneth Fenner 
Thank you very much. I always like to have someone slip into the intro-
duction that I am a lawyer in front of this type of group so that nobody can 
put those very scientific questions to me. As a matter of fact, I am a lawyer 
and regulator, so a lot of what I have to say comes from that kind of back-
ground. The one program that I don't administer in the water area is the con-
struction grant support to municipalities - that's giving away money, which I 
don't consider a regulatory program. Let me start out by saying "thank you" 
for letting me open up these regulatory proceedings. 
I find this whole area extremely exciting, and I feel a little bit 
nostalgic in my role here. I can remember very clearly having to go to 
Washington in 1975 and having to fight fairly hard with the people back in 
Washington who didn't want to put on a PCB seminar in our region or nationally 
back in those days. For some reason nobody wanted to do a PCB seminar, and 
the end result of that trip was that I insulted some very high people in the 
agency whom I didn't know at the time; but EPA and Region V in Chicago put on 
the first PCB conference and symposium, which some of you may remember. That 
issue is somewhat similar to where we are today, because whenever I get into 
the issues of toxics monitoring, biomonitoring, toxics control, how you go 
about regulating toxics, I see an awful lot of the same issues that we tried 
to confront back in the mid '70s when we were just talking about one toxic 
that is PCBs, which many of you know even had Congressional support. Congress 
said we were supposed to go after PCBs, and even today I'm not sure everybody 
could describe to me the consensus in the USEPA or states or the scientific 
communities on PCBs themselves. 
Where do I start on this subject, because it is a difficult one to get 
into. I am going to do a couple of things here this morning, not the least 
of which .is to try to tell you how the thinking in USEPA is at this point on 
toxics, on this whole area of biomonitoring for toxics, and what we think 
might be doable in the area. But I also want to start out with a very, very 
clear understanding that I hope all of you will share in everything I say, and 
that is, even though I am from USEPA, and even though I may slip and sometimes 
refer to USEPA initiatives or EPA initiatives, much of what has happened in 
the toxics area has come about in the last several years as a result of state 
initiatives. 
Much of our thinking on toxics, both in the region and in my discussions 
with people in headquarters who are currently in the process of going beyond 
some of the earlier toxic policy statements we made' a few years ago, is bor-
rowed elements from state initiatives, from state expertise and from state 
experiences. So,- at no time do I want to even imply that there isn't a very 
parallel track in the state agencies throughout our region and throughout the 
country to what USEPA is talking about. I think that is very important be-
cause it reflects how we make this whole system work or how we make all of 
these different interrelationships work. 
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To begin with, I would like to talk a little bit about an experience I 
think everybody is familiar with which kind of illustrates the problem we face 
in this area. I think everybody remembers the Cuyahoga River in Ohio that in 
the late '60s received all of the press coverage because it was on fire. 
Well, what do we have now? We have about five to eight years of experience 
working on the Cuyahoga River and this experience demonstrated a great many 
things to USEPA and as well as to the state of Ohio in how it addressed the 
original flammable river. For instance, we learned that we can control a lot 
of the conventional pollutants that went into that river. We learned that 
you could get the oil and grease out fairly easily. That effort was 
practically a local initiative. Everybody was pretty embarrassed when they 
saw what was happening up and down the river, and a lot of people in the area 
did things themselves that was never publicized in order to take some of the 
more egregious materials out of there. 
The state was very active in permitting and imposing controls on 
dischargers to the Cuyahoga River. Five to eight years later, we have an 
extremely efficient sanitary treatment plant that discharges to the Cuyahoga 
River. The discharger removes practically 95% of the gross toxics, or the 
toxics that everybody was looking at, and that achieves very good limits in 
terms of removing the standard conventional pollutants. We have seen in the 
river a reduction - massive reductions - in biological oxygen demand, ammonia 
and total suspended solids. We have seen the level of oxygen go up in the 
river and we have seen everything that would tell us that there should. be a 
lot of fish in the river or a lot of something that is alive. In fact, it is 
estimated that perhaps about 40 or 50 different species of fish should be 
found in .that particular river now as a result of all of those cleanups. In-
stead, what we found was that there was nothing there. In fact, everybody was 
so proud of what they thought we had accomplished that we went out there in 
1984 and we sampled (we did biomonitoring), and we found that there was noth-
ing there. We didn't believe it, so we went back in 1985, and we found that 
there was nothing there. 
We got our super scientific labs down in Cincinnati and Duluth which 
EPA looks to as being on the forefront in terms of developing its scientific 
assessments, its analytical approaches, its approaches to pollution control -
we got them down there in the last 12 months and they found the same thing. 
There is absolutely nothing in the river for about 10 or 12 miles below the 
Akron plant. What do we think is there? Well, the best I can tell you, and 
the best the scientist that I work with that I asked these questions of can 
say, is that a very toxic substance must be moving through the plant in very 
low concentrations.· We still, to this day, do not know exactly what it is, 
but we do know, due to the use of biomonitoring and various analyses and 
through the Duluth lab research and the State of Ohio research, that the 
effluent is toxic. 
This I would describe as the dilemma that we are facing right now and the 
dilemma in the future. Our traditional indicators - oxygen in the water, 
removal ·of suspended solids, lower nitrogen levels, whatever, the ones we tra-
ditionally looked at, that tell us once we!ve lowered those, or in the case of 
oxygen, raised them, should produce a more acceptable or a better quality wa-
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ter in a particular area - don't always do so. All of the biological indica-
tors, however, when we applied them through the use of biotesting just to see 
what could live in that river indicated that we had still a severely degraded 
aquatic ecosystem. What do we do now? One thing that is interesting in this 
whole trend, and may not be so obvious to you, is that there are also several 
parallel paths that were taking place at about the same time that we were go-
ing through this discovery process in Akron. Akron happens to be in Region V 
so I am most familiar with it. I have also had some experiences with how the 
water pollution control efforts interrelate with the RCRA pollution control 
efforts and some of the efforts before Congress, so I was also aware of 
something called the domestic sewage study that recently came out. I want to 
mention that right here because the domestic sewage study is very important 
and will play a much more important role in how agencies look at toxics in the 
future. 
In 1984 the amendments to RCRA required that the USEPA do a study of the 
impact on toxics that enter into municipal treatment systems. POTW for us 
means municipal treatment systems, for those who are not familiar with the 
jargon. That study was done utilizing RCRA information and utilizing EPA in-
formation from the water regulatory side, that is, what we used when we 
developed our regulations that set standards for water pollution control ef-
forts, using some Superfund information, and so forth. At the same time that 
Akron was raising all of these questions in our minds, that domestic sewage 
study was completed in January and went to Congress in February of this year. 
What that study showed, and what seems to be confirmed by the Akron case\ 
was that there are large numbers or large quantities of hazardous wastes, 
RCRA-type materials, passing through sewage treatment plants. In fact, about 
70% or more, and I say 70% is actually a conservative number, I've even heard 
of numbers that go up to the 100%, of most hazardous waste today actually goes 
through domestic municipal sewage systems rather than into landfills or 
through hazardous waste incinerators or RCRA permitted facilities. There is 
some sense in this', just to give you the rest of the circle logic, because if 
you have a hazardous waste and you want to get rid of it, and you don't want 
to have to put up with a RCRA permit, the interminable delays in getting a 
permit from the USEPA or from the State, or the large cost in monitoring and 
insuring to comply with regulations, the best thing to do is to put the waste 
into a domestic waste stream, because by definition, .it no longer is a RCRA 
waste. 
There is an incentive to put hazardous waste into municipal treatment 
systems. The USEPA says that incentive should be addressed by controls within 
the municipal system (that is a recolnmendation that is going to Congress in 
terms of improving of what everybody refers to as the pretreatment program.) 
But I am getting away from some of the issues that we are talking about here. 
Needless to say, the domestic sewage study did confirm that problems should be 
occurring in a lot of municipalities such as what we actually found in Akron . 
. As I understan~ the way this workshop is being organized, there are a 
number of thipgs you are concerned with. These were 'outlined a little earlier 
but I will repeat them: you are concerned with what we do when we find these 
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toxics, and how we go about addressing them, and what would be the next steps 
such as with a situation in Akron, or in a situation where we have defined a 
toxic effluent. That is somewhat a regulatory question, and in fact a largely 
regulatory question, and that is one that I will spend most of my time on. But 
I also know you are interested in the use of biomonitoring as to how you as-
sess human health effects. I am going to make a few comments about that and 
where the USEPA is, at least, in its thinking on the use of biomonitoring and 
how you determine ecosystem effects from hazardous waste. Then, I want to 
really just spend a few minutes acknowledging that this isn't a very certain 
area either, from the USEPA perspective, from a regional perspective, or from 
the perspective of most of the people whom I've talked to about biomonitoring 
as it relates to the regulatory system. In our region, we feel that, and this 
is what I have asked people in headquarters EPA to make a focal point of any 
future policy regulations or whatever they decide or want to come up with 
incidentally, we participate very much in those efforts - the objective of the 
regulatory program is to identify toxic effluents and then to eliminate. the 
toxicity. That is a recurring theme that state people have heard from us, 
that you will hear from state people, when they talk to you about addressing 
toxicity. It is a theme that we believe should be the focal point of the 
USEPA's efforts in the toxic area. Obviously, it is easy to say and it is 
much more difficult to actually accomplish. 
I think that some of you are aware that USEPA issued a policy statement 
over two years ago, March 9, 1984, in the Federal Register, that addressed a 
very general guideline on how you would approach toxic substances in direct 
discharges. I would suggest that all of you take a look at that if you have 
access to it, and I would be happy to come up with copies of it for you. Ba~ 
sically, what the .statement said was that you need to find toxicity and you 
need to control it. It is not a very complicated policy statement, but it was 
a little unusual to appear at that time in EPA's history, because at that time 
we were not focusing on toxics. 
The other reason that I mentioned it is that it has been around for two 
years, and whether it is obvious to everyone outside the various state and 
federal agencies, this has become a continuing focus of those state and EPA 
efforts over the past several years. We talk a lot about toxics internally. 
You may not hear us stand up, hold press conferences or pat ourselves on the 
back, because quite often the result of those conversations are more questions 
perhaps than we feel confident in answering, but we do spend a lot of time 
talking about toxicity. Several of the speakers later on will describe some 
of those efforts, and I think you will be surprised at the amount of effort 
that goes into this particular area. The toxic policy statement in 1984 em-
phasized an integrated approach to toxics control that focused on the use of 
both chemical and biological information. Many of you who have been around 
EPA and the states for several years know that our permits have tended to 
concentrate on chemical information, that is, 'specific parameters limited in 
the permits and monitoring of those parameters. And the assumption has always 
been that if you are in compliance with those parameters then you have 
eliminated the problem. 
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I think the shift that the 1984 policy statement made and the shift you 
continually see in the regulatory programs is away from that assumption that 
necessarily compliance with the permit as it is written today will ensure that 
you have eliminated the problem. That policy statement also shifted towards 
an emphasis on the use of biological monitoring, bioassays, biotesting. Some-
body with more background than what I have can outline many, many different 
ways you can go into this. In terms of trying to define a toxic effluent, you 
don't know exactly .what's in the effluent but you know it is toxic, and 
therefore, if you ask me what should be done, you trigger the ultimate 
question, what is the toxic and how do you eliminate it? But nevertheless, 
there is still this tendency, I think, among many people. They seem to still 
think in terms of the old days when EPA focused on parameter-specific 
toxicants. We are moving away from that, that is the sense I'm trying to get 
across. The basic assumption all the way through in the earlier discussions 
was that if you improved water quality by meeting your permit you would re-
store the basic biological integrity of the waterway. What we learned from 
the Cuyahoga, of course, is that that is easier said than done. The permit, 
as perhaps it was written several years ago, isn't exactly the 'best measure of 
success. And now the trick is to determine: 1. Do we have toxic effluents out 
there that we don't know of, and, 2. Once we find them, what do we do about 
them. A lot of questions, obviously, are built into this, not the least of 
which is all of those scientific questions you know much better than.I do in 
terms of how reliable our tests are, what they mean and how we go about ap-
plying them in a particular regulatory mode. 
Biomonitoring, we feel, is probably one of the first steps. I believe in 
many instances that what we have shown from our recent experiences is that you 
can have a certain amount of chemical monitoring, you can run as many GCMSs as 
you want to, and quite often we don't pick up what is causing the biological 
problem in the waterway. Therefore, we have had a shift in EPA towards an in-
creasing emphasis on the use of biomonitoring. We've had increasing emphasis 
on encouraging the states in our region as well as encouraging our head-
quarters EPA to encourage regions and states to increase their biomonitoring 
efforts. There are very ambitious programs in other regions. in this country 
and in other states. 
We believe that if you use the biomonitoring techniques to identify 
toxics, then probably the next step is to do something with the permit. We 
are talking about direct discharges. A classic scenario that I see often is 
that . biomonitoring is imposed by the permit because you think the facility 
might have a problem and then the biomonitoring is conducted by the permittee 
(an industry or city), and it shows that there is a toxic effluent, then we 
conduct some type of additional identification or some type of control program 
that is imposed through the permit. 
Another classic technique is for the state EPAs to go out and actually do 
the biomonitoring. They do biomonitoring themselves. For instance, we have 
what used to be called the Five Year Plan in Chicago. Since it started 
several years ago, I'm not sure if it is now a two-and-a-half year plan 
complete or three year, but over a five year period we wanted to biomonitor 
all of the significant facilities in our region. We are pretty close to 
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completing that. We do about 80 or 90 of these sites a year, just in the 
USEPA alone. The states in the region, the six states that we normally deal 
with, do on the order of several hundred biomonitoring tests every year. The 
permittees that have had these requirements imposed upon them by the states 
and the regions have also done a large number of biomonitoring tests. What we 
are really getting is not one test per facility over the past five-year 
period, we are getting several tests; we are really getting corroboration on 
one, two, three and four times at a particular facility that, in fact, there 
is toxicity there. 
The next step, once you have discovered the toxicity, is a couple of 
things. EPA has authorized, and states have used in their permitting process, 
a whole effluent toxicity limitation which really forces a reduction in 
general toxicity. That has been one approach. It has been highly successful 
in some of the states in the south where many permits contain a whole effluent 
toxicity limit. Your total toxicity will not be above a certain toxicity 
limit that is defined by the scientific system that the permit writers use. 
Don't ask me to "explain that one, please. 
A second way, of course, is to go to the next step and say what's the 
parameter that is causing the toxicity. We have done a lot of that in this 
region. In fact, because we had a lot of toxicity information several years 
ago, we tended to push towards, in our permitting or in our recommendations to 
the states in their permitting, that they establish either toxic management 
programs or identify and limit the specific parameter. Programs might aim at 
an industry, for instance, surveying its prQcesses to try to identify where 
toxic pollutants are being used that might pass through their treatment 
systems, and then try to eliminate them. A classic example are some of the 
biocides and fungicides which I think can be found ·in some of your power 
plants and some of the other facilities that use cooling water where the 
slimacides have been used. We have had a lot of success basically jawboning 
an industry into eliminating that through and then continuing to monitor that 
to make sure that toxic effect was really solved by changing their process. 
The other thing we would do is to ask for an identification or an attempt 
to identify the specific parameter and then limit that parameter. By limit-
ing, what we mean, of course, is that you have something in the permit that 
goes everywhere from no discharge on up to some specific limitation on the 
discharge. The limitation is usually keyed to a state water quality require-
ment that is defined through the state process that is imposed on the industry 
and, in more and more cases, imposed on the municipality to try·to get a spe-
cific parameter down below the toxic effect that it is causing. The ultimate 
objective is to get the toxicity out of the discharge. 
We see one other very important role for biomonitoring in this whole 
process. Let's assume that we have found the toxic effluent, we've gone in 
and identified some means, whether it's elimination of a process use, or its 
actual limitation of amount, or treatment by the facility. They've complied 
and we think they've got the toxic substance out of there. We think it is 
·important to go back in there and use biomonitoring to actually ensure that 
success was achieved. In other words, we would like to apply the Akron test 
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throughout the region ultimately, to ensure that, in fact, the toxic effluents 
we find have had that toxicity eliminated. That ultimately is the regulatory 
scheme in a very broadly scoped fashion and in the direction I would like to 
see us, and I know I have seen states, moving towards. 
A second step, I think, is to look at biomonitoring in terms of general 
overall ecosystems. Within the water programs, we are moving ahead in terms 
of applying biomonitoring, both in our regulatory activities and also in 
looking at some multimedia types of approaches. When we speak of ecosystems 
effects, we drastically increase the complexity of the issues, because we are 
looking at a much broader spectrum than just what is in the effluent, just 
what's going" into the water. We are looking at something a little bit beyond 
and we think that will help also. It is an extremely complex issue because 
then you start to talk about not just what is a direct discharger doing, but 
also what is coming from the nonpoint source runoff, what's coming out of the 
air, what's going into the groundwater and then percolating to the surface or 
through aquifer interrelationships with surface waters. We think this is an-
other area where there is probably a lot more to be done than the simple, I 
shouldn't use the word simple, "but to me at least, from a regulatory stand-
point,' a much more simple question of finding something in the effluent and 
then controlling it. This is really something that gets to the entire world 
as Monty Python might describe it. I'm not sure I can tell you anything more 
than we encourage and very much would like to see any help we can in areas 
that will· give us a better handle on how you approach pulling all of those 
various elements of the ecosystem and toxic impact on the ecosystem together. 
I assume and would hope that is one" of the things you will spend some time on 
in this particular seminar. 
I would like to say that underneath ali of this, and what I described as 
probably a very simple formula for solving a problem, is, I think, a very 
clear understanding, at least from my perspective, that this really isn't easy 
even in the direct discharger situation. We don't know a lot about some of 
the toxics as was indicated in the opening statement. We don't, for instance, 
know as an official agency position nor as a USEPA, exactly what the human 
health affects of these many toxics are. Something to keep in mind all the 
way through when people talk about RCRA, and what RCRA is going to do, and how 
RCRA is going to control everything, is the fact that RCRA designated some 
certain characteristics of hazardous waste. 
You remember the ignitable, explosive and EP toxi~ity, there are four or 
five of them, but they specifically did not include human health 
characteristics. In dealing with RCRA waste, in the regulations, specifically 
in the preamble, it describes how the regulations were put together. Human 
health effects of hazardous wastes were not quantifiable to an extent and with 
the degree of reliability that the EPA thought they needed to have in order to 
get a regulation promulgated without facing lawsuits for the rest 'of" the 
century. They decided not to include such indicators as carcinogens, 
teratogenicities, mutagenicities, etc. Human health is not a part of that 
regulatory, scheme. 
34 
We feel that human health can be a part of the scheme that is essentially 
set forth in the way that states administer much of their toxic or hazardous 
pollutant control systems. They are free from requirements in state water 
quality standards. You are not supposed to be able to discharge a toxic 
material into a waterway. For instance, if you are dealing with a direct 
discharge, that has to meet water quality standards. Many of our states have 
blanket requirements for the discharge of toxics in any fashion both in air 
and in other media and to the groundwater. We feel there are some handles 
there. The biggest problem is that it's very difficult to translate that 
human health element through those regulatory handles into something we can 
use. 
Ultimately and from a regulatory standpoint, and when I'm lqoking at 
permits and talking to the states about the permits they have to issue and 
when we are talking about what will happen when we issue a permit with a set 
of strict toxic limitations to an industry or municipality, we know we are 
going to have to face some severe scientific challenges. That gets us again 
back to' that whole issue of what is the reliability of our systems .for 
analyzing and controlling pollutants. We think that the techniques that we 
are developing here, and people like yourselves quite often can end up being 
involved in providing the kind of support to agencies that we need when we go 
into a permit challenge or .when we go into a law court and the court asks us a 
very basic question: How reliable is the information you use to require that 
industry or that municipality to install some expensive treatment systems to 
control these particular toxics? We will quite often have to call upon 
scientists to tell us, and as much as that gets into all of those things that 
lawyers do, and everybody hates being involved in that, it is a battle of the 
experts in this area. 
We hope that seminars like this, workshops like this, and the trading of 
information back and forth among you and the kinds of information you can 
develop in these kinds of workshops ultimately can be used by us in 
translating those specific controls that need to be applied. With that, I am 
going to wrap up my comments. Again, you are a very important part of this 
whole system. You are ultimately much of what we rely on when we corne to a 
regulatory conclusion. If we don't have your science behind us, we probably 
won't win those particular disputes. If we have your science behind us, I 
feel very confident and my experience has been that we do tend to win. If we 
have good science, my experience has been most people don't want to fight us. 
Most industries do not want to be exposed to a very sound scientif.ic argument 
that they are discharging toxics. It just isn't good for industry. Most 
municipalities, if we have the science behind us, don't really want to fight 
that because it comes back to you and me. 
Finally, all I would like to do is to reiterate once again what, at 
least, I feel the goal of this whole area should be. Find the toxicity, 
whether it's through biomonitoring, whether it's through specific chemical 
monitoring, find the toxicity, eliminate it, confirm the elimination. Bio-
monitoring plays a very great role in all of this and I would hope in the fi-
nal analysis that that goal is not just my goal, not just USEPA's goal, or not 
just the state's goal, but it would be your goal also. Thank you. 
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ABSTRACT 
The Department of Energy and Natural Resources (DENR) is responsible for 
long-term data collection, basic and applied research, education and direct 
public service to contribute to economic development, environmental quality 
and employment opportunities in Illinois. One of the missions of the Energy 
and Environmental Affairs Division (EEA) of DENR is to coordinate planning and 
policy analysis concerning the state's natural resources. The Research and 
Planning Section of EEA manages the Environmental Research Program. This 
program provides funding for applied research, data collection, and policy and 
support studies related to current environmental issues. For example, a study 
was sponsored to monitor the air for toxic contaminants in southeast Chicago. 
Other studies have been supported that relate to ecotoxicology including 
methods development. 
The Hazardous Waste Research and Information Center was created in 
1984 under the Chemical Safety Research Initiative to combine research, 
information, and direct technical assistance to help solve Illinois"hazardous 
waste problems. Ecotoxicology directly relates to several substantive 
research areas of the Center including characterization and assessment of the 
problem, environmental processes and effects and risk assessment. It 
indirectly relates to setting priorities in developing techniques for waste 
minimization, treatment and remediation of contaminated sites. 
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Research is needed to define what is truly toxic or hazardous, to 
develop methods that can assess the toxicity of contaminants in the air and 
soil as well as in water and to assess the toxicity of complex mixtures of 
wastes. Other research needs include improved extrapolation of laboratory 
data to the field, methods to assess acute and chronic toxic effects at trace 
levels, and development of inexpensive and rapid biomonitoring techniques for 
drinking water, wastewater effluents and the air. 
A strong technical and scientific base is needed to support the 
state's regulatory trends. This workshop will help DENR establish the 
research agenda through the presentations and the dialogue between the 
scientists, regulators, policy makers, business professionals and other 
interest groups. 
38 
Introduction 
The Role of the HWRIC in 
Environmental Research in Illinois 
Dr. Gary D. Miller 
Hazardous waste has been described by many as the key environmental issue 
of the 1980s. Illinois is a major hazardous waste generator and disposer. 
Most studies rank Illinois among the top five or ten states in total volume 
generated. But the problem magnitude is only partially understood. While the 
amount of hazardous waste generated is approximately known, it is particularly 
difficult to quantify and characterize the wastes that are disposed of on-site 
and in wastewater treatment plants. We have only just begun the chemical 
characterization of constituents in those waste streams. The environmental 
fate and effects of toxic chemicals are also not well understood; most 
thorough studies on environmental effects are based on laboratory experiments. 
Management and contaminant remedia;tion methods for implementation in the field 
should be appropriate to the risks posed by toxic chemicals. More effective 
and less costly management and remediation methods can be developed once the 
magnitude and characteristics of the hazardous waste problem are better 
understood. 
Ecotoxicology studies are important to Illinois because the environmental 
health and economic effects of toxics are great. The resources required to 
address all of these issues at the same time are beyond our means. Thus, we 
must establish priorities for our research etforts. 
The Hazardous Waste Research and Information Center was created in 1984 
within the Department of Energy and Natural Resources as a multidisciplinary 
effort to help solve Illinois' hazardous waste problems. HWRIC is working 
with researchers and others from throughout the state to accomplish this 
mandate. 
A general overview of DENR's role in government in Illinois is given in 
Table 1. Among the activities the Department is responsible for are long-term 
data collection, basic and applied research, education and promotion, and 
direct public serVice. It is a non-regulatory agency. In terms of hazardous 
waste management the .institutional responsibilities within Illinois are 
illustrated in Table 2. The technical and research responsibilities of DENR 
independently support the regulatory, enforcement and advisory/oversight roles 
of the other units of government. 
The Hazardous Waste Research and Information Center 
The mission of HWRIC is to help solve Illinois' hazardous waste problems 
by strong programs in research and education; information collection, analysis 
and dissemination; and d.irect technical assistance to industry, communities 
and various levels of government. The more specific objectives of HWRIC are 
to characterize and assess the extent of the. hazardous waste problem in 
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Illinois, to reduce the volume of hazardous waste generated, and to reduce the 
threat that hazardous wastes pose to human health and the environment. All of 
HWRIC's programs work together to assemble, analyze and disseminate hazardous 
waste-related information to provide assistance to industry, agriculture and 
communities. The general goal of these activities is to help develop and 
implement a comprehensive hazardous waste management program for the State of 
Illinois. 
There are five programs within HWRIC as shown in Figure 1. The 
Information Services Program staff collects, analyzes and disseminates 
hazardous waste-related information. This includes such activities as 
developing a clearinghouse and helping to write educational materials for the 
general public and policy makers. The Industrial and Technical Assistance 
Program provides direc:'t. technical assistance to industry, agriculture, 
communities and various· public interest groups. This assistance is intended 
to aid compliance with;regulations, promote proper waste management and to 
find ways to reduce the amount of wastes that are generated. . 
Table 1 
FUNCTIONS OF THE ILLINOIS DEPARTMENT OF 
ENERGY AND NATURAL RESOURCES 
Contributes to the goal. of: 
Economic Development 
Environmental Quality 
Employment Opportunity 
Through the techniques for prudent management of Illinois. 
Natural and Cultural Resource: 
Long-term Data Collection 
Basic Research 
Applied Research 
Education and Promotion 
Direct Public Service 
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Table 2 
HAZARDOUS WASTE MANAGEMENT STRUCTURE IN ILLINOIS 
1. Regulatory Responsibilities Illinois Environmental 
2. 
Protection Agency, Pollution Control Board, Department 
of Public Health and Department of Nuclear Safety 
Enforcement Illinois Environmental Protection Agency, 
Attorney General 
3. Technical/Research Department of Energy and Natural 
Resources including the three scientific surveys, the 
Hazardous Waste Research and Information Center, 
Division of Energy and Environmental Affairs and State 
Museum Society 
5. Oversight/Advisory - Hazardous Waste Advisory Council and the 
Chemical Safety Task Force 
HWRIC also funds and coordinates research in five defined areas as shown 
in Figure 2. The first research priority is to characterize and assess the 
nature and magnitude of the hazardous waste problems in this state. This 
includes studies to monitor the extent of contamination and also building a 
data base on generation, transportation, treatment, storage and disposal 
activities. The environmental processes and effects research area includes 
studies to examine how wastes migrate in the environment and to determine 
their ecological and human health effects. The third research area is to 
develop techniques or other approaches to waste minimization including reuse, 
recycling, process modification and substitution of materials. Treatment, 
disposal and remediation technique development includes a range of similar 
activities from end-of-the-pipe treatment techniques to improved landfill 
design to better methods for cleanup of contamination of soils and 
groundwater. The fifth research area includes incorporation of results of 
research into risk assessments of the effects of toxics on the environment and 
human health and various types of policy analyses such as assessing the 
benefits of various taxing approaches to encourage proper waste management. 
Relationship of Ecotoxicology to HWRIC's Research Program 
The subject of ecotoxicology is directly related 'to three of these 
research areas: characterization and assessment of the problem because 
toxicological testing can be used to help determine if a waste is hazardous 
and to assess the degree-of-hazard of a waste; environmental process and 
effects studies because toxicological testing is used to determine the effects 
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Figure 2: Relationships Between HWRIC'S Five Research Areas 
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of a waste or chemical on organisms such as a fish and on biological 
communities; and to the area of risk assessment since toxicological test 
results are used to estimate what effects on human health will occur from 
exposure to toxic substances and can be used to guide policy-making. All of 
these areas of research ultimately support sound risk assessments and are 
intended to support refinement of the regulatory policy system for both the 
legislature and regulatory agencies. 
HWRIC-Sponsored Research 
In Fiscal Year 1985, which was the first full year of sponsored research 
by HWRIC, nine studies were initiated as shown in Table 3 that primarily 
addressed the general subject of characterization and assessment of the 
magnitude of the hazardous waste problem in Illinois. It is necessary to 
accurately understand the nature and magnitude of the hazardous waste problem 
before effective solutions can be devised. Three of those studies were also 
secondarily related to improved understanding of the environmental movement 
and effects of hazardous waste. One legislatively mandated study developed an 
approach to assess the relative degree-of-hazard of all industrial wastes in 
Illinois. This study is more fully described in Session IV by Wendy Garrison. 
Table 4 summarizes the research areas addressed by each of the 14 new projects 
sponsored in fiscal year 1986. The trend is toward increased emphasis on 
problem-solving research ~ understanding environmental processes and effects; 
developing treatment, disposal and remediation techniques; waste minimization; 
and also risk assessment. In fiscal year 1987 up to ten studies in the area 
of waste reduction will be initiated through a matching grants program as 
shown in Table 5: Several projects initiated in earlier years are continuing. 
In addition to the matching grants there are 20 research projects that will be 
active at the start of the 1987 fiscal year. A few additional research 
projects will be initiated later in the fiscal year that will be primarily 
related to improved understanding of how contaminants migrate in soils and 
groundwater, waste reduction and treatment methods development. 
For the three years of research sponsored by HWRIC, 15 projects have 
primarily addressed the characterization and assessment of the hazardous waste 
problem in Illinois. This has accounted for about 66 percent of the research 
funds. Six projects have had as their general objective to better understand 
the environmental processes involved in the transport and fate of hazardous 
substances in sediments, surface waters and the subsurface. Almost 17 percent 
of the resea~ch funds have been obligated to tDese studies. Six additional 
projects have been conducted for the purpose of developing improved treatment, 
disposal and remediation methods and technologies. Over eight percent of the 
research funds have been used for these studies. Three research projects have 
been funded to developed improved risk assessment methods for hazardous 
wastes. These include a method for assigning a degree of hazard .to a new 
approach for extrapolating toxic effects measured on biological organisms to 
human health effects, and a study to evaluate the relative risks and costs of 
current and alternative hazardous waste management scenarios. One other study 
conducted in this research area related to evaluating various taxing 
alternatives for hazardous waste management. About five percent of the 
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Table 3 
SUMMARY OF PROJECTS INITIATED DURING Fy'85 
Project Title Substantive Area (a) 
C&A EP&E 
statewide Hazardous Waste ® 
Generation study 
Initiation of the Potentially Hazardous ® 
Waste-Related Inventory Database 
statewide Landfill Inventory ® 
Special Waste categorization Study ® 
Taxing Hazardous Waste 
Industrial Wastes in the Calumet Area, ® 
1869-1970: An Historical Geography 
Underground Injection Control ® x 
Atmospheric Research and Monitoring 
Study of Hazardous Substances ® 
x 
Re,gional Ground Water contamination ® x 
in Illinois 
. ---------
a Key to symbols under Substantive area: 
C & A = Characterization and Assessment 
EP & E = Environmental Processes and Effects 
WR Waste Reduction Techniques 
TD & R = Treatment; Disposal and Remediation Methods 
RA & PA = Risk Assessment and Policy Analysis 
®= Primary substantive Research Area 
X= Secondary Substantive Research Area 
WR TD&R RA&PA 
x 
® 
Status/ I 
Completion Project I 
Date Number 
, 
Completed 001 
Completed 005a 
June 1987 003 
Completed 007a 
Completed 007b 
Completed 002 
Completed 008 
June 1987 006 
I 
I 
Completed 004 I I 
.po 
0\ 
Table 4 
SUMMARY OF RESEARCH PROJECTS INITIATED DURING FY'86 
Project Title Substantive Area Ca) 
C&A I EP&E I WR I TD&R I RA&PA 
Historical Patterns of Hazardous Waste 
Management in Winnebago County: 
1870-1980 
Regional Ground Water Quality Characteri-
zation of the Rockford Area, Illinois 
Potential Hazardous Waste contamination 
of Illinois Surface Water Supplies 
Assessment of Ecotoxicological Hazard 
of Waukegan Harbor Sediments 
Central Recovery Facility for Electro-
plating Wastes 
In situ Aquifer Reclamation by 
Chemical Means: A Feasibility Study 
Spray Dryer Spent Sorbent: Hazardous 
Wastes Fixating and cementitious 
properties 
Enhancement of the Hazardous Waste-
Related Activities Inventory 
.Refinement and Testing of Degree of 
Hazard Methodology 
Geochemical Interactions of Hazardous 
Wastes w/Geological Formations in 
Deep-Well Systems 
Investigation of the Hydraulic Effects 
of Deep-Well Injection of Industrial 
wastes 
® 
® 
® 
® 
x 
x 
® x 
® 
® 
® 
x ® 
® x 
® ··x 
Status 
Completion 
Date 
Completed 
August 1986 
Completed 
August 1986 
August 1986 
August 1986 
Completed 
Completed 
August 1986 
March 1987 
March 1987 
Project 
Number 
009 
012 
014 
010 
016 
011 
013 
005b 
017 
015 
022 
~ 
-...J 
Table 4 
CONTINUED 
Project Title Substantive Area (a 
C&A I EP&E I WR I TD&R I RA&PA 
Phytotoxicity of Waukegan Harbor Sediments ® I x 
Development of Sampling Protocol for 
organics in Fine Grained Material 
Extrapolation of Toxicological Data to 
Human Health Effects 
Inventory of Hazardous Waste in School 
Laboratories 
Feasibility of Land Application of Soils 
contaminated with Pesticide Waste as a 
Remediation Practice 
a Key to symbols under SUbstantive area: 
C & A = Characterization and Assessment 
® 
EP & E = Environmental Processes and Effects 
WR = Waste Reduction Techniques 
® 
x 
TD & R = Treatment, Disposal and Remediation Methods 
RA & PA = Risk Assessment and Policy Analysis 
Q9= Primary Substantive Research Area 
x = Secondary Substantive Research Area 
x 
® 
® 
Completion 
Date 
August 1986 
March 1987 
March 1987 
August 1986 
May 1987 
Project 
Number 
020 
019 
021 
024 
023 
research funds have been obligated for these studies and another five percent 
for the waste reduction matching grants. 
Six of the sponsored research projects are directly related to the 
subject of this conference. They are: 
1. Special Waste Categorization Study 
2. Assessment of Ecotoxicological Hazard of Waukegan Harbor Sediments 
3. Refinement and Testing of Degree of Hazard Methodology 
4. Phytotoxici ty of Waukegan Barbor Sed.iments 
5. Extrapolation of Toxicological Data to Human Health Effects 
6. An Assessment of the Environmental Hazards Associated with the 
Contamination of Lake Calumet, Cook County, IL 
The geographical distribution of the projects sponsored in FY'85 and 
FY'86 are shown in Figure 3. To date 32 studies at sites located throughout 
the state have been completed or are underway. These range from a study in 
the north of the ecotoxicology of Waukegan Harbor sediment which will be 
described by Dr. Phil Ross this afternoon, to an initial study in the south of 
the potential for surface water contamination of Lakes Marion and Crab Orchard 
from the highway and railroad transportation of hazardous wastes. In 
addition, several studies have addressed statewide concerns such as the 
comprehensive database on landfills and other. waste disposal sites in 
Illinois. Another series of studies is developing an historical hazardous 
waste industrial site inventory. Some follow-up studies to these historical 
inventories are also being initiated in the Lake Calumet area. Studies have 
addressed all portions of the envirorunent from monitoring of toxics in the air 
to surface water, land, and groundwater. 
Research Needs 
Some of the research needs to be addressed in this conference are listed 
in Table 6. Other research needs will be identified and their relative 
importance defined throughout this conference. Improved methods are needed to 
define what is truly hazardous or toxic including multimedia assessments .in 
the air, land and water. Hazardous or toxic chemicals usually occur in 
complex mixtures which are difficult to assess. Appropriate toxicity 
assessment methods need to be developed and demonstrated for these wastes. 
Improved approaches are needed for extrapolation of laboratory data to the 
environment. Also needed are more sensitive toxicity indicators since many of 
the acute or chronic health and envirorunental effects occur at trace 
concentration levels. More rapid and less expensive methods for toxicity 
screening and monitoring well water and the air at Superfund cleanup sites are 
also needed. These are challenges to both scientists and ·regulators. 
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Table 5 
NEW RESEARCH PROJECTS INITIATED IN Fy'87 
Project Title Substantive Area Ca) I Completion 
C&A I EP&E I WR I TD&R. I RA&PA Date 
Levels of PCBs and Trace Metals in 
Crab Orchard Lake Sediment, Benthos, 
Zooplankton and Fish 
Historical Assessment of Hazardous 
Waste Management in st. Clair and 
Madison counties, IL 1890-1980 
An Assessment of the Environmental 
Hazard Associated with the 
Contamination of Lake Calumet 
Cook County, IL 
Matching Grants for Reuse, Recycling 
and Treatment (Waste Reduction) 
Solute Effects in Aquifer Cleanup/ 
Hazardous Waste Treatment by 
Oxy-Radica1 Processes 
In-situ B~oreclamation of Contaminated 
Groundwater 
a Key to symbols under Substantive Area: 
C & A = Characterization and Assessment 
® I x 
® 
x ® 
EP & E = Environmental Processess and Effects 
WR = Waste Reduction Techniques 
® 
TO & R = Treatment, Disposal and Remediation Methods 
RA & PA = Risk Assessment and Policy Analysis 
Q9= Primary Substantive Research Area 
x = Secondary Substantive Research Area 
® 
® 
o,;;;J 
June 30, 
1987 
June 30, 
1987 
June 30, 
1987 
June ,30, 
1987 
June 30, 
1987 
June 30, 
1987 
-cember 15, 
1987 
Project 
lNumber 
027 
024 
030 
029 
026 
Rockford Area 
...... Waukegan Harbor 
1) Fate of PCBs 
1) Assessment of ground water qualitYr==::t:::';:l_j~~~~~~~~ 
2) 100 year history of waste disposal 
2) Toxicity testing 
Lake Springfield 
----f3-r-----l-_ 
Potential for surface 
water contamination 
Wilsonville \ 
Effectiveness of landfill 
cleanup 
( 
Highland Silver Lake 
Potential for surface 
water contamination 
East St. Louis 
Air quality monitoring 
EXPLANATION 
Assessment of underground injection 
o of industrial wastes - all permitted 
Class I wells. 
~ Verification of industrial site history 
~ of all hazardous waste generators. 
Inventory of landfills was conducted 
in every county of the State . 
o 
Feasibility of a metals 
recovery facility 
,) 100 year history of 
waste disposal 
2) Air quality monitoring 
Lakes Bloomington & Evergreen 
Potential for surface water contamination 
o 
Bondville 
Ambient air quality 
monitoring 
~r,...- Marshall 
Hydraulic effects of 
underground injection 
* * ...L-_-t-lakes Marion & Crab Orchard 
. Figure 3: HWRIC Field Studies, FY'85 and 86. 
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Table 6 
SELECTED ECOTOXICOLOGY RESEARCH NEEDS 
Apply toxicological methods to assess the acute and 
hazard/toxicity of mixtures and wastes 
chronic 
Develop methods for comparative toxicity assessments in air, water 
and soil media 
Devise more rapid and inexpensive toxicity assessment methods that 
are more sensitive at the concentration levels of concern to 
human health and the ecosystem 
Improve approaches for extrapolation of laboratory results to field 
exposures 
An example of the need for sound ecotoxicological research to support 
regulatory actions is the current debate over the environmental and human 
.health effects of dioxin contamination in Missouri. In laboratory animal 
studies, low doses of one particular dioxin isomer have caused cancer, 
reproductive problems, birth defects and even death. These findings have led 
to a high level of concern about what the human health effects are. Recently, 
the results of an epidemiological study sponsored by the Center for Disease 
Control in Gray Summit, Missouri, were released. They found, among other 
things, depressed immune system operation or antigens in 12% of the exposed 
population versus about 1 or 2% in the control population. They also found 
some liver abnormalities in areas where the concentrations ~n the soil were up 
to 2.2 parts per million of isomeric dioxin. 
However, others have been quick to point out the limitations to the study 
in that there were different socio-economic levels between the exposed 
population and the control population. There were also differences in the 
alcohol consumption of the two populations that could have accounted for many 
of the observed effects. 
This example illustrates the difficulty of extrapolating laboratory data 
on animals to human health effects and trying to make regulatory decisions 
based upon that. The policy and management trend for regulation-of chemicals 
such as dioxin in the environment is toward toxicity-based pollution control 
through the use of biomonitoring. The State of Illinois is taking a lead in 
this trend. Risk assessments are also being used to help determine acceptable 
concentrations of chemicals in water, soils and air. 
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Conclusion 
Recently, Walter J. Webber, who is an experienced environmental engineer, 
in an address before the Water Pollution Control Federation made this 
statement which I find particularly significant, "We are whistling past the 
graveyard if we feel the least bit secure about our ability to quantitatively 
assess the human and environmental risks associated with exposure to toxic and 
hazardous substances and about our ability to weight these risks against the 
cost and benefits of preventative or remedial measures." 
One of HWRIC's long-term research goals is to be able to improve our 
ability to quantitatively assess the human and environmental risks associated 
with toxic substances and to help develop rational regulations based on true 
risks and benefits. The research sponsored by the Hazardous Waste Research 
and Information Center aims to be relevant to the priority needs of the state. 
Through sponsoring this conference the participants will be helping to set the 
state's research priorities. This can be accomplished best by bringing 
together the regulators, business professionals~ public interest groups and 
citizens with those from a range of scientific disciplines. Through this 
interaction the research agenda of the state will be supportive of the 
regulatory needs and will be most relevant to protection of the environment 
and human health. 
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Establishing the Research Agenda: The DENR Perspective 
(Transcription) 
Mr. John Marshall, Research Unit Manager 
Division of Energy and Environmental Affairs 
Department of Energy and Natural Resources 
Springfield, Illinois 
In this talk, I will be outlining briefly the Environmental Research 
Program for which the Division of Energy and Environmental Affairs (DEEA) is 
responsible. Basically, one of the primary responsibilities of the DEEA in 
this program is to provide funding for applied environmental research. The 
bastc goal of the program is the collection and presentation of information in 
. stich a type and format that it can assist d.ecision-makers in addressing the 
various natural resource issues facing the state. 
Through the Environmental Research Program, the Department provides 
funding for a variety of applied scientific and policy research studies aimed 
at addressing a wide variety of environmental issues facing the state, 
individuals, institutions and businesses. The projects that we fund are 
designed to fulfill a number of specific objectives. These are: first, 
identifying problems that pose a threat to either human health, environmental 
quality or the economic viability of the state's natural resource based 
industries; second, understanding the processes and mechanisms that cause or 
contribute to these problems; third, identifying a range of policy options 
available for solving or mitigating problems, based on the understanding that 
we have gained about the causes of those problems and also learning from 
experience in other geographic areas and other levels of government; and 
fourth, investigating the feasibility of various options for addressing 
specific problems. Finally, the ultimate objective of the Environmental 
Research Program is to recommend courses of action for both state and local 
governments, and also businesses and individuals, that will further solutions 
of environmental problems. 
Although our focus as a state agency is necessarily statewide, we realize 
that few problems affect all areas of the state equally. We recognize also 
that even statewide problems can often be tackled on a regional or local level 
and that useful lessons for statewide implementation can be gained by 
implementing and evaluating, on a pilot basis, solutions in some small region 
of the state that can then act as demonstrations for future statewide 
implementation. 
The concern of the Environmental Research Program in the subject of 
ecotoxicology covers a wide range of subject areas. We are concerned with 
general environmental quality and also with protecting public health from a 
wide variety of environmental contaminants. Our interest encompasses both the 
general quality of specific environmental media, such as air and water, and 
also the impacts of specific groups of contaminants, such as agricultural 
chemicals and so on. 
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As a research and policy analysis organization, the Department of Energy 
and Natural Resources aims to act as an interface between scientists and 
policy makers to provide information to regulators and policy makers that will 
enable them to implement whatever policies and programs are necessary to help 
insure protection of the public health and protection of the quality of the 
environment. In conclusion, I am very pleased to be involved in this workshop 
and I am hoping that, through the discussions during the next two days, we 
will gain some practical information that will aid us in establishing our 
research agenda and in directing the research program in the future .. 
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Illinois' Use of Toxicity Tests 
(Transcription) 
Mr. James Park, Manager 
Planning Section 
Water Pollution Control Division 
Illinois Environmental Protection Agency 
Springfield, Illinois 
Before I get into a discussion of Illinois' use of biomonitoring and 
where we are going and where we have been, I would like to provide a little 
history of Illinois' regulatory programs as they relate to toxic substances. 
As I am sure most of you are aware, Illinois has substantial industry and a 
variety of industrial categories. Table 1 is a breakdown of the general 
industrial category groups in Illinois. The ones with the small asterisk are 
considered primary industries. These are only the significant industries in 
the state, not the car washes and that sort of thing. In total, there are 
approximately 3,000 indirect dischargers. These are facilities that discharge 
to municipal waste water treatment plants and about 400 direct dischargers 
that go directly into the streams and lakes in Illinois. 
Illinois' regulatory program stretches back into the '50s, and we have 
had some type of toxic substance controls as early as 1960. However, 
comprehensive standards and enforceable regulations were developed during the 
period 1970-1972 following the adoption of the Illinois Environmental 
Protection Act and the formation of the ,agency, the Illinois Pollution Control 
Board and the (then) Illinois Institute for Environmental Quality, which 
became a part of the Department of Energy and Natural Resources. The 
regulations that were adopted in 1972 cover three basic areas. 
The first are general prov~s~ons. These provide for a narrative 
description of necessary controls on toxic substances; such things as 
unnatural turbidity, sludge and color in the waters of the state, and a 
provision that limits toxicity to aquatic life to 1/10 of the 96 hour LC50. 
There are also specific numerical water quality standards for a variety of 
parameters. 
Table 2 lists water quality standards for 30 parameters with specific 
numerical limits applied to them. Note that the ones with asterisks are USEPA 
priority pollutants. In addition to standards for waters classified for 
general use, we also have additional requirements applied at the point where 
public water supplies are withdrawn. These are listed on the right hand side. 
There are an additional 15 parameters. 
As shown in Table 3, the final section of the standards as they are 
applied in Illinois are the effluent standards. These are limitations applied 
to dischargers regardless of where they discharge. Unlike some states, 
Illinois effluent standards do not change with industrial ca~egory or 
municipal discharge. They are applied across the board as a minimum basic 
requirement. 
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Table 1 
ESTIMATED NUMBERS OF SIGNIFICANT "PRIMARY" INDUSTRIES 
IN ILLINOIS 
Industrial Category 
Adhesives & Sealants 
Aluminum Forming 
Auto & Other Laundries 
Battery Manufacturing 
Carbon Black 
*Coal Mining 
Coil Coating 
Copper- Forming 
*Elec. & Electron Prods. 
*Electroplating 
Explosives 
Foundries 
Gum & Wood Chemicals 
*Inorganic Chemicals 
*Iron & Steel 
Leather Tan & Finish 
*Metal Finishing 
Nonferrous Metals 
Ore Mining & Dressing 
*Organic Chemicals 
*Paint & Ink 
Pesticides 
*Petroleum Refining 
Pharmaceuticals 
Photographic Supplies 
*Plastics & Synthetics 
Plastics Molding & Forming 
Porcelain Enameling 
*Printing& Publishing 
*Pulp & Paper 
Rubber Proc. 
*Soaps & Detergents 
Steam Electric 
Textile Mills 
Timber Products Proc. 
TOTALS 
(Alphabetical Listing) 
Indirect 
Discharges 
22 
6 
38 
6 
1 
o 
38 
5 
136 
280 
1 
61 
2 
51 
43 
8 
1,090 
14 
2 
15 
62 
o 
5 
39 
16 
128 
27 
29 
433 
118 
30 
91 
7 
14 
2 
2,823 
* Significant Categories in Illinois 
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Direct 
Discharges 
o 
2 
2 
o 
o 
139 
3 
1 
14 
14 
1 
7 
o 
14 
17 
o 
55 
4 
2 
6 
o 
4 
8 
1 
o 
11 
13 
o 
3 
9 
5 
4 
37 
o 
o 
376 
These regulations have been essentially the same since 1972 with 
minor revisions. In the early '80s, we felt the need to look at our 
substance criteria more carefully and try to evaluate where we had been, 
successes we had achieved and where we needed to supplement our program. 
saw a number of successes in our program as well as a few shortcomings. 
only 
toxic 
what 
We 
In the success category (Table 4) we felt that the level of compliance 
with existing Illinois regulations was quite satisfactory. 
General Use 
Dissolved Oxygen 
pH 
Phosphorus 
Radioactivity 
- Gross Beta 
- Radium 226 
- Strontium 90 
Fecal Coliform 
Temperature 
Ammonia 
* Arsenic 
Barium 
Boron 
* Cadmium 
Chloride 
Chr"omium 
* - Hexavalent 
* - Trivalent 
* Copper 
* Cyanide 
Fluoride 
Iron 
* Lead 
Manganese 
* Mercury 
* Nickel 
* Phenols 
~'( Selenium 
* Silver 
Sulfate 
Dissolved Solids 
* Zinc 
Table 2 
WATER QUALITY STANDARDS 
Public Water Supply 
Nitrate 
Oil 
Pesticides 
* -Aldrin 
* - Chlordane 
* - DDT 
* - Dieldrin 
7'( - Endrin 
* - Heptachlor 
* - Heptachlor Epoxide 
- Lindane 
- Methoxychlor 
* - Toxaphene 
- Parathion 
* - 2,4-D 
* - 2,4,5-TP 
* USEPA Priority Pollutants 
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Table 3 
EFFLUENT STANDARDS 
Biochemical Oxygen Demand 
Suspended Solids 
- Organic 
- Inorganic 
Ammonia 
Phosphorus 
Fecal Coliform 
pH 
* Arsenic 
Barium 
* Cadmium 
Chromium 
- Total 
* - Hexavalent 
* Copper 
* Cyanide 
Fluoride 
Iron 
* Lead 
Manganese 
* Mercury 
* Nickel 
Oil 
* Phenols 
* Silver 
* Zinc 
*USEPA Priority Pollutants 
We had 90% substantial compliance with Illinois' effluent and water 
quality standa~ds. Further, we had no indication that there was persistent 
acute instream toxicity at any locations where dischargers were in compliance 
with their effluent and water quality based permit limits. This information 
has a number of implications. It tells you first of all that the standards 
were appropriately controlling acute toxicity for regulated parameters. It 
also indicates that parameters that.were not being specifically regulated were 
not· producing acute toxicity. 
The third benefit would be the. incidental removal of organic compounds 
through our regulations for biochemical oxygen demand and solids control. We 
found through wide scan chemical analysis that substantial reduction of or-
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Table 4 
PROGRAM SUCCESS 
1. 90% Compliance with existing Illinois regulations 
2. No persistent acute toxicity 
3. Incidental removal of 
control 
organic compounds through 
4. Metals removal provides reduction of other substances 
5. Reduced synergistic effects 
* Reg. pollutants not available for chemical syner~ism 
BOD and solids 
* Stress and sublethal effects from regulated pollutants minimized 
ganic compounds is achieved through the biological treatment provided for BOD 
reduction and total suspended solids control. In a similar vein a number of 
non-regulated parameters were also reduced through the more traditional metals 
removal technologies that were applied. 
The elimination of the traditional toxic substances also makes 
assessments of some of the less traditional substances a little easier in that 
the synergistic effects associated with regulated substances are reduced, or 
in most cases eliminated. This applies to chemical synergism and also the 
biological stress on organisms from sublethal effects that might be assuciated 
with regulated compounds. 
The next step in our program has been to directly address the issue of 
toxic substances not currently controlled including the more exotic toxics. 
The original narrative regulation requires only that water quality levels not 
exceed one tenth of the lethal concentration for 50% of the organisms tested. 
We wanted to look at a number of areas: chronic and sublethal aquatic 
toxicity. (which was not directly addressed through the current .regulation), 
bioaccumulation/bioconcentration factors and the whole range of human health 
issues that-were not addressed thoroughly in the original regulation. 
When we started into this program we felt that one of the prime req-
uisites was a very careful problem assessment. Unless you clearly understand 
the problems you are deal~ng with, a great deal of money can be spent with 
very limited returns. We also felt that substantially more sophisticated and 
site specific techniques needed to be developed for monitoring toxicity and 
assessing the effectiveness of control programs (Table 5). 
59 
In 1984 the agency published a document called "The Chemical Safety 
Agenda for Continued Progress in the Control of Toxic Pollutants." This 
agenda laid out a lO-year road map: development of comprehensive problem 
assessment techniques, regulatory controls and implementation programs. The 
goal of this chemical safety agenda was " ... to eliminate unreasonable risks 
of adverse effects to human health and the environment from exposure to toxic 
pollutants." The chemical safety agenda addresses all media - air, water, 
land and groundwater - in an attempt to insure that all media were addressed 
equitably; and secondly, and probably more important, that control of one 
media doesn't just transfer the problem to another. While this presentation 
deals primarily with the surface water aspects of the chemical safety agenda, 
the agenda contains a complete discussion of all media issues. "Chemical 
Safety Agenda" looks at several approaches to the control of toxic substances. 
There are three basic approaches, with additional combinations and 
permutations. 
Table 5 
CHEMICAL SAFETY: 
An Agenda for Continued 
Progress in the Control of 
Toxic Pollutants 
February, 1984 
Goal: To Eliminate Unreasonable Risk of Adverse 
Effects on Human Health and the Environment 
From Exposure to Toxic Pollutants. 
The first is the chemical-specific approach and tra.ditional lab analysis 
using state-of-the-art techniques and equipment to identify chemical 
s·ubstances in effluents and water. Available literature on identified 
substances is used to establish control techniques. The second approach is a 
whole effluent assessment technique which utilizes the biomonitoring that 
we're going to be discussing today. The third is a screening approach using 
biomonitoring techniques followed by chemical assessment, whlchis essentially 
a combination of the first two. The .agency uses all three of these approaches 
currently and is expanding our capabilities in these areas. Looking at the 
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three elements of our 
implementation, it is 
because we are looking 
aspects of the program 
concerned. 
program, problem assessment, regulatory control and 
difficult to provide a status report on these programs 
at different stages of development for both different 
and different pollutant parameters with which we are 
For example, USEPA has developed best available technology controls for 
many industrial categories that identify specific limits that they feel are 
necessary for the control of toxic substances. These can be implemented 
immediately as part of our NPDES permit program. For priority pollutants, 
USEPA has also established specific numerical limits for various substances 
that provide protection of the different stream use including the protection 
of aquatic life and human health. These regulatory controls can also be 
implemented immediately. So we are in an implementation phase in some areas. 
We are in a problem assessment phase in other areas and development regulatory 
controls are intermixed in the whole process. I am going to concentrate on 
the whole effluent approach to the analysis of toxic problems because this 
group is interested in biomonitoring activities. 
Table 6 
AGENCY AQUATIC SURVEY PROGRAMS 
1. Basin or Stream Segment-Surveys 
- Water Quality 
- Fish Collections 
- Benthic Collections 
- Habitat Characteristics 
- Other 
2. Facility-Specific Surveys 
- Water Quality 
- Benthic Collections (Limited) 
- Habitat Characteristics (Limited) 
3. Ambient Network (CORE) 
- Water Quality 
- Benthic Collections 
- Sediment Analysis 
- Fish Flesh Analysis 
Biomonitoring 
considered. First 
has in place right 
two basic areas. 
of course has advantages and disadvantages that must be 
let me speak for a minute about the programs that Illinois 
now. Illinois' biomonitoring programs can be broken into 
The first area is one that can be overlooked at times when 
61 
discussing biomonitoring programs; the instream biological monitoring 
activities that are conducted routinely by the Agency and have been for quite 
some time. These include macro invertebrate and benthic collections, fish 
collections by the DOC and fish flesh analysis by our agency, the Department 
of Public Health and Department of Agriculture (Table 6). These biological 
monitoring programs provide a very comprehensive view of the aquatic communi-
ties in Illinois and identify areas of concern. Bioassay techniques can then 
be used to further define the specific issues involved and control measures 
needed.· Instream biological studies can also be used to identify successes or 
failures in the program in a way similar to that discussed on the Cuyahoga. 
The Agency conducts aquatic surveys in a number of areas. Basin or stream 
segments surveys are large scale and look at an entire basin with its 
tributaries in the areas of water quality, fish collection, benthic col-
lections, habitat characteristics, etc. Facility specific surveys provide 
aquatic testing in the vicinity of a discharge to quantify the impact of that 
discharge on the aquatic communities. Facility surveys include water quality 
analysis, benthic collections and habitat characterizations needed to identify 
potential of the aquatic community. We also have a substantial core network 
of ambient monitoring stations. There are 200 stations scattered around the 
state of Illinois that are sampled on six-week intervals. They provide 
detailed water quality, benthic, sediment and fish flesh analysis. 
The second ar~a of biomonitoring is the fixed or mobile laboratory-based 
bioassay program. When the agency decided to embark on this type of 
biomonitoring program in 1985, we tried to look at it with as realistic a view 
as we could. There are obviously major advantages to biomonitoring; there are 
also a number of disadvantages. 
The advantages (as shown in Table 7) can be derived when dealing with a 
very complex discharger. Biomonitoring programs provide a relatively 
inexpensive way to define whether or not you have a problem before you embark 
on complex and expensive wide-scan chemical analysis and even more complex 
chemical identification. The second advantage is that biomonitoring provides 
you with some information on the synergistic effects that you would not get 
from the chemical specific approaches that look only at literature information 
on toxicity of single chemicals. The third advantage (in the case of aquatic 
communities) is that you're looking at the actual impact that you would 
encounter in the real life situation. In other words, you're testing the 
species that would likely be exposed to the substance and you're identifying 
the impact on that species. Finally, this type of biomonitoring provides the 
Agency with a relatively inexpensive device for screening discharges and 
targeting conventional monitoring programs for follow-up work. 
Disadvantages (as shown in Table 8) can include misapplication that when 
you t re dealing '\vi th a conventional discharger with a limi ted number of 
substances in his discharge and relatively well known impacts, it-is better to 
go to the conventional laboratory analysis in defining the problem and 
identifying the solutions, rather than bioassay type requirements. The 
bioassay is relatively expensive when compared to this type of laboratory 
analysis. If the discharger has 20 parts of cyanide in his effluent, 
biomonitoring will only produce some additional dead minnows. 
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Table 7 
ADVANTAGES OF BIOMONITORING 
1. Relatively inexpensive when compared to wide-scan chemical analysis. 
2. Identifies synergistic effects of mixtures of pollutants typically 
found in effluents. 
3. Directly measures toxic impacts (aquatic only) rather than relying on 
literature-based criteria. 
4. Provides the Agency with a screening device to target conventional 
monitoring programs and follow-up. 
Table 8 
DISADVANTAGES OF BIOMONITORING 
1. Expensive when compared to conventional pollutant analysis. 
2. May be unnecessary when pollutant source is known. 
3. Can't be used with some effluents. 
4. If toxic problems are identified, follow-up programs will usually 
require chemical analysis (non regulatory)~ 
Biomonitoring definitely cannot be used with certain types of effluents. 
Human health assays such as the Ames assay have limited applications. When you 
deal with dischargers that have substances that have potential to interfere 
with the results of those assays you have to be very careful about 
interpreting those results. 
Finally, biomonitoring as it is currently being used in Illinois can be 
used only to identify a problem.. We invariably must revert to some so.rt of a 
chemical specific approach to resolving the levels of control needed to 
protect the environment. 
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The types of biomonitoring that are currently being used in Illinois, 
both for our own testing purposes and for incorporation into permits for 
discharges, are the very traditional bioassays with which I'm sure all of you 
are familiar. The aquatic life tests (Table 9) include the acute surveys for 
fathead minnow and daphnia that have been well written up in the literature. 
We are also looking at algae for plant analysis and a somewhat experimental 
duckweed methodology that is being developed by the State Water Survey. 
For chronic testing, (Table 10) we're looking at short term test 
protocols that were developed in the Duluth lab of USEPA. Those include the 
fathead minnow larval survival and growth test, and the ceriodaphnia survival 
and reproduction test. Both of these are seven day tests for chronic toxicity 
to aquatic life. 
1. 
2. 
Table 9 
AQUATIC LIFE 
- ACUTE -
Fish Fathead Minnow (Pimephales Promelas) - 96 hour 
bioassay. 
Invertebrate 
bioassay. 
Daphnia (Magna or Pulex) - 48 hour 
static LC SO 
static 
3. Plant Algae (Selenastrum Capricornutum) - 96 hour static LCSO bioassay or - Duckweed (Lemna Minor or Lemna Gibba) - 96 hour stat~c 
LC SO bioassay. 
Table 10 
AQUATIC LIFE 
- CHRONIC -
1. Fish Fathead Minnmv (Pimephales Prornelas) - Larval . survival and 
growth test - 7 day test. 
2. Invertebrate - Ceriodaphnia survival and reproduction - 7 day test. 
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For human health issues (Table 11) our primary tool is the Ames assay. 
As I've mentioned,the Ames has some positive and negative aspects. However, 
it's well documented for a wide variety of substances and combinations of 
substances. This test is applied where there are concerns about public water 
supply or human consumption of water through recreational activities. For fish 
consumption, we're looking at the bioaccumulation effect through direct fish 
tissue analysis. Where that's not possible, there's a chemical or a laboratory 
technique using high-pressure liquid chromatography that allows you to 
approximate the octanol/water coefficient and predict a bioaccumulation 
effect. 
With this biomonitoring information in hand, how do you approach 
follow-up work? We've identified four basic areas of follow-up when data 
indicates a problem (Table 12). One approach is to conduct more specific 
biomonitoring tests. In the case of aquatic life, you can look at organisms 
that are indigenous to the receiving stream, if they could be expected to be 
less sensitive than the test organism to the substance in question. Another 
approach is to pilot controls and utilize biomonitoring to assess the 
adequacy of those controls. Rather than building full-scale treatment plants, 
bench testing, or piloting, and then biomonitoring of the effluent from those 
pilots is a very effective way to deal with toxicity controls. 
Third, as I've mentioned earlier, it may be necessary to conduct 
comprehensive chemical analysis of the effluent and/or the receiving stream to 
determine the chemicals that are the likely cause of the problem identified. 
The fourth is analytical fractionation of the s~mple;. you can break the 
sample down into groups of compounds and then do biomonitoring on those 
individual groups to narrow down the parameters of concern. 
Table 11 
HUMAN HEALTH EFFECTS 
1. Water Supply - Ames Assay 
2. Fish Consumption· (Bioaccumulation) High-pressure liquid 
chromatography (HPLC) or direct fish tissue analysis. 
We're using biomonitoring, biological monitoring, to identify problem 
areas around the state. Because"of the regulatory nature of the Illinois EPA 
programs, we're constrained to do monitoring with test techniques that have 
been fairly well established and have reproducible results. Probably most 
important, there must be a reasonable amount of· information on their p:t:"oper 
application. 
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Table 12 
ALTERNATIVE FOLLOW-UP ACTION 
1. Conduct additional (more specific) biomonitoring. 
2. Pilot additional controls and utilize biomonitoring to 
adequacy. 
3. Chemical analysis of effluent and/or receiving stream. 
assess 
4. Analytical fractionation of sample and additional biomonitoring. 
During this calendar year, the Agency will conduct 50-100 
facility-related biological surveys, with detailed evaluation of benthic fish 
and populations in the vicinity of discharges. We will also conduct 30-50 
acute biomonitoring tests of effluents using the bioassay techniques at our 
central laboratory in Springfield and our field monitoring facilities that can 
be taken on site of the discharge for assessment. We also have the capability 
of doing approximately 50 Ames assays at our Chicago laboratory. 
Let'me jump to the implementation"phase and then I'll corne back to the 
regulatory program in closing. By the end of this year we intend to incorpo-
rate biomonitoring requirements into 20-30 major direct discharger's permits 
in Illinois. These will include comprehensive biomonitoring requirements plus 
prov~s~ons for follow-up should those biomonitoring requirements indicate a 
problem. This effort will be expanded over the next few years. I have to say 
that our experience to date on biomonitoring and incorporation of these 
requirements into permits has met with substantial legal challenge. Not only 
the test techniques themselves but also the Agency's authority to impose those 
requirements has been challenged. We feel that, based on our experience, 
these legal challenges seem to be diminishing. There are settlements in a 
number of areas and we feel confident that we'll be able to continue with 
biomoni toring requir~ement in our NPDES permit program. Future efforts will in-
clude both industrial dischargers and municipal dischargers with indirect 
industrial sources. 
Finally let me comment on the status of the regulatory programs. As I 
stated at the beginning of this talk, we have general prov~s~ons for the 
control of toxic substances in Illinois. The Illinois Environmental Protection 
Act and the Water Pollution regulations have limits on the discharge of toxic 
substances that could impact aquatic life and human health. Because of the 
general nature of these provisions, however, discharger-specific application 
can be viewed as a target for litigation. We feel that some additional effort 
needs to made to clarify both what we're trying to accomplish and the means by 
which we intend to accomplish it. 
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The Agency is looking at two areas where policy and regulations can be 
made more specific. First, sometime before the end of this year, we will be 
publishing a policy for the incorporation of biomonitoring requirements into 
NPDES permits and how follow-up decisions will be made. This will define the 
type of biomonitoring test, the frequency, the type of discharges for which it 
will be applied and also the follow-up program that I discussed a little bit 
earlier. The second element is an expanded regulatory language to be 
incorporated directly into the water pollution control regulations. This 
expanded language will clearly identify the areas of concern and levels of 
control for toxic substances. These will include specific language on chronic 
toxicity as well as the acute toxicity language currently in the regulation, 
specific language on bioconcentration requirements and specific language on 
human health issues. It will also identify a method for establishing 
discharger-specific control criteria when numerical statewide standards do not 
exist. We anticipate going to the Illinois Pollution Control Board with this 
regulatory proposal early in 1987. 
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Introduction 
Environmental Standards Based on Toxicological Data 
Dr. G. M. Zemansky 
Chief, Scientific/Technical,Section 
Illinois Pollution Control Board 
Environmental standards have been established for certain substances 
because of concern about their toxicity. However, while toxicity has long 
served as the reason for standards it is only recently that we have been able 
to actually base standards on toxicological ,data. The development of 
quantitative methodologies enabling us to do that has only occurred over the 
last 20 to 30 years. 
The emphasis in establishment of environmental statidards has 
historically been in those areas of most evident need. Initial environmental 
protection efforts were in response to gross cases of air and water pollution. 
They were eventually translated into standards intended to, protect human 
health with regard to inhalation of air and ingestion of water and standards 
intended to protect aquatic life. Actions in this regard primarily addressed 
only two of the seven interrelated "compartments" in the model McKone (1985:5) 
utilized to represent the environment, shown in Figure 1: the atmosphere or 
air and 'surface water (the other 5 compartments of the model being the biota, 
upper soil layer, lower soil layer, groundwater zone and surface water 
sediments). Federal laws have required that all states adopt ambient air and 
water quality standards. Intentional or not, in many cases the water quality 
standards established mainly with surface waters in mind have also been 
applied to groundwater. More attention is now being given to other 
environmental compartments. For example, the need for standards developed 
specifically for groundwater is now actively being considered in many states, 
including Illinois, and the u.s. Environmental Protection Agency (USEPA) is 
involved in the development of sediment quality criteria (Bolton, et al., 
1985:l.l-l.3). 
The terms "standards" and "criteria" are not synonymous in environmental 
regulation. Generalizing, standards are plans "established by governmental 
authority as a program for ... pollution prevention and abatement" (NTAC, 
1968:vii). They may incorporate one or more approaches to achieving 
environmental protection goals. For example, McKee and Wolf (1963:29-30) 
wrote that there are "two basic types of ... standards that have been used for 
the control of water pollution." They identified these as being: (1) 
"effluent"; and (2) "stream", They further pointed out that stream standards 
could be either in the form of "dilution requirements" or "standards for 
receiving-water quality". The former concept, no longer in vogue, is of 
passing historical interest in that 'it is said to have originated nearly 100 
years ago in Chicago. Development of standards of the latter type requires 
criteria. Criteria identify scientifically-determined levels of parameters 
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Figure 1:. Environment Represented By Compartments* 
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important for the protection of various uses (i.e., they are based on 
toxicological data). 
The focus of this paper is the use of toxicological data as a basis for 
water quality criteria. Both health-based criteria and criteria for 
protection of aquatic life are discussed. The concepts involved in 
determining health based water quality criteria are, with some modification of 
factors, directly applicable in determination of health-based air quality 
criteria. 
WATER QUALITY CRITERIA 
A. Federal Mandate -
State water pollution control programs prior to 1972 had'generally been 
inadequate to prevent deterioration of the nation's waters. As a result, 
federal intervention gradually increased after passage of the Federal Water 
Pollution Control Act in 1948. One step in this process was passage of 
amendments to the Act in 1965 that required all states to adopt water quality 
standards by 1967 that would protect such uses as public water supplies and 
propagation of fish and wildlife (Bonine and McGarity, 1984:258-269 and 
Wenner, 1976:53-58). Although some states already had water quality standards 
of one type or another, in few cases could they could be considered adequate. 
In Illinois, for example, there were no quantitative standards on substances 
known to be toxic. Furthermore, the authority of the Illinois Sanitary Water 
Board didn't extend to cover the state's largest discharger, the Metropolitan 
Sanitary District of Greater Chicago (Klassen, 1986, and McKee and Wolf, 
1963:37-38). 
B. Evolution of National Water Quality Criteria -
If states were to carry out the federal mandate of first adopting and 
later reviewing and revising water quality standards they would need a usable 
toxicological data base. The most comprehensive publication of this type that 
existed in 1965 was McKee and Wolf (1963), a j~int, effort of the U.S. Public 
Health Service (USPHS) and the State of California (USEPA, 1976:iv-v). In 
order to assist the states in setting the water quality standards required by 
the 1965 amendments, the Secretary of the Interior formed an advisory 
committee to compile relevant information with that specific purpose in mind. 
The interim report from this effort was available in 1967 (NTAC, 1968:VI) and 
the final was published the next year. Because of its green cover it is 
sometimes referred to as the "green book". 
The chronology of national \Vater quality criteria publications since 
McKee and Wolf (1963) is indicated in Table 1. The 1972 "blue baok" , produced 
by the National Academies of Sciences and Engineering (NAS-NAE, 1972), 
expanded on the "green book" in a similar format. However, in 1976 a far less 
complete "red book" was publi~hed by USEPA. Its deficiencies have, been the 
subject of heavy criticism, most notably in a review published by the American 
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Yeat 
1968 
1972 
1976 
1980 
1984a 
1984b 
Table 1 
CHRONOLOGY OF NATIONAL WATER QUALITY CRITERIA PUBLICATIONS 
Source 
NTAC 
NAS-NAE 
USEPA 
USEPA 
USEPA 
USEPA 
Remarks 
"Water Quality Criteria "published 
to assist states in establishment 
of water quality standards mandated 
by 1965 amendments to Federal Water 
Pollution Control Act. The "green 
book. " 
"Water Quality Criteria 1972" 
publ~shed as r~quired by Federal 
Water Pollution Control Act 
Amendments of 1972. Updates NTAC 
(1968). The "blue book." 
"Quality Criteria for Water" 
published to partially update NAS-
NAE (1972). It is far less complete 
and received heavy criticism. The 
"red book." 
Individual ambient water quality 
criteria documents for the first 64 
of USEPA's 129 "priority 
pollutants." Generally superior to 
USEPA (1976) and superceeds it for 
most toxic substances. 
65th ambient water quality criteria 
document published for 2, 3, 7, 8-
TCDD. 
Updates for nine of the 65 ambient 
water quality criteria documents 
published. All previous criteria 
publications contained criteria for 
protection of both human health and 
the aquatic environment. These 
address only the aquatic 
environment. 
;2 
Fisheries Society in 1979 (Thurston, et al., 1979). Still in effect as a 
whole, the "red book" has been superseded for most toxic substances by 
individual water quality criteria documents. The first 64 of these were 
published in 1980, a 65th was published three years later, and nine were 
further updated in 1984. 
HUMAN HEALTH-BASED CRITERIA 
A. Background 
Human health-based water quality criteria are meant to be applied to 
natural bodies of water serving as sources for public water supplies. It has 
been a general principle that source waters should be of the highest quality 
availahle regardless of water treatment technology. In determining 
appropriate criteria, the capability of the "defined treacment process" to 
remove pollutants was explicitly taken into consideration in 1968 and 1972; 
however, the criteria for many toxic substances were set equal to the drinking 
water standards that applied after treatment because it was assumed that the 
defined treatment process had "little effect" on them. In these cases the 
defined treatment process was coagulation, sedimentation, rapid sand 
filtration and disinfection with chlorine for surface waters and no treatment 
at all for groundwater (NTAC, 1968:18 and NAS-NAE, 1972: 50-93). The effect 
of this situation for metals can be seen by comparison of the drinking water 
standards for 1962 and 1975 in Table 2 with the health-based water quality 
criteria for 1968 and 1976, respectively, in Table 3. 
The evolution of health-based national drinking water standards for 
metals is shown in Table 2 (metals for which there may have been 
esthetic-based recommendations or guidances but not health-based maximum 
permissible concentrations are not shown) . It can be seen that the initial 
trend was toward regulation of more metals (from zero in the 1914 USPHS 
drinking water standards to eight in those of 1962 and thereafter) but that in 
recent years the number has remained constant and more attention seems to have 
been given to what the appropriate level should be. The trend toward 
regulation of more parameters with time is more evident if synthetic organic 
chemicals (SOCs) are also considered. USEPA added six previously unregulated 
SOCs to the interim drinking water standards in 1975 (Lappenbusch, 1986:15) 
and in 1985 proposed to establish recommended maximum contaminant levels 
(RMCLs) for a total of 26 (USEPA, 1985c:4698l). 
Until recently, health-based drinking water standards tended to be based 
more on judgment than anything else, and relevant water quality criteria were 
simply set equal to them. For example, the standard for chromium was set at 
the detection limit for the analytical capability that existed at the time it 
was established in 1946 (US PHS , 1969:36). In the case of other metals, 
attempts were made to set the standard at some level below the known lowest 
observed adverse or no observed effect levels (LOAEL or NOEL, respectively) 
from human or animal data, but no consistent quantitative methodology was 
adhered to. 
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Table 2 
EVOLUTION OF UNITED STATES DRINKINr WATER STANDARDS FOR METALS (ugjL) 
Metal 1914 
Arsenic 
Barium 
Cadmium 
Chromium5 
COPJ?er 
Fluoride 
Lead 
Mercury 
Silver 
Zinc 
USPHS 2 
1925 1942 1946 1962 
50 50 50 
1000 
10 
50 50 
200 6 30006 3000 10006 
1000 1500 17008 
100 100 100 50 
50 
5000 150006 150006 5000 
USEPA 
19753 19854 
50 50 
1000 1500 
10 5 
50 120 
10007 1300 
24008 40009 
50 20 
2 3 
50 
50007 
1. Maximum permissible concentrations are specified unless 
otherwise indicated. 
2. McKee and Wolf (1963:89) and Lappenbusch (1986:11-13). 
Standards applied only in drinking water and water supply 
systems used by interstate carriers. 
3. Lappenbusch (1986:14-15). Interim standards issued under the 
Safe Drinking Water Act and applicable to all public water 
supplies. 
4. USEPA (1985c:46958). Proposed health-based RMCLs for all public 
water supplies under the Safe Drinking Water Act. 
5. USPHS standards for chromium were based only on the hexavalent 
form while USEPA standards apply to total chromium in all 
forms. 
6. Recommended rather than mandatory. 
7. Secondary esthetic-based guide issued in 1979 under the Safe 
Drinking Water Act. 
8. Maximum of the temperature-dependent range specified. 
9. USEPA (1985c). Health-based RMCL for all public water supplies 
under the Safe Drinking Water Act. Both the Natural Resources 
Defense Council, Inc. and the State of South Carolina have 
appealed establishment of this RMCL to the District of Columbia 
Circuit as being too lenient or too stringent, respectively. 
Table 3 
HEALTH-BASED WATER QUALITY CRITERIA AND ILLINOIS WATER QUALITY 
STANDARDS (WQS) FOR METALS HAVING DRINKING WATER STANDARDS (UG/L) 
CRITERIA 
Metal 19681 19722 19763 19804 Illinois WQS5 
Arsenic 50 100 50 0.00226 50.00 
Barium 1000 1000 1000 1000 
Cadmium 10 10 10 10 10 
Chromium 507 50 50 50 50 
Copper 1000 1000 1000 1000 20 
F1uoride8 1700 2400 1400 
Lead 50 50 50 50 50 
Mercury 2 2 0.144 0.5 
Silver 50 50 50 5 
Zinc 5000 5000 5000 5000 1000 
1. NTAC (1968:18 and 23)." 
2. NAS-NAE (1972:48-104). 
3. USEPA (1976). 
4. USEPA (1980b). 
5. Public water supply water quality standards are cumulative with 
general use water quality standards and are specified at 35 
Ill. 
6. 
7. 
8. 
Adm. Code 302.304 and 302. 208 (1985), respectively, for 
chemical 
constituents. 
-6 Based on a lifetime individual health risk of 10 for cancer. 
Hexavalent form only (total in all other cases). 
Maximum of the temperature-dependent range specified. 
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The standard for fluoride was based on an "acceptable" incidence of 
dental fluorosis from human epidemiological information (USPHS, 1969:41). 
Barium, in the 1962 USPHS drinking water standards, provides the first 
case where the drinking water standard was established based on a quantitative 
methodology. The methodology utilized started with the threshold limit value 
(TLV) for occupational exposure to air pollutants, assumed factors for 
absorption into the bloodstream via lungs (0.75) or gastrointestinal tract 
(0.9) and assumed air (10 cubic meters per eight hour working day) and water 
(two liters per day) consumption rates to arrive at a calculated water 
concentration that would yield the same dose to the bloodstream as the 
occupational exposure. This produced a calculated concentration of 2 mg/L, to 
which a safety factor of two was applied (Stokinger and Woodward, 1958, and 
us PHS , 1969:27-29). 
The p'receding methodology is subject to criticism on several grounds. To 
begin with, the validity of the TLV, used as a starting point, for arriving at 
what amounts to an acceptable daily intake (ADI) value for drinking water 
alone is uncertain. TLVs were established with the intent of providing some 
degree of protection to most workers undergoing airborne exposure during a 
limited eight-hour work day. The American Conference of Governmental 
Industrial Hygienists (ACGIH),_ which determines TLVs, acknowledges that even 
some workers may develop "an occupational illness" from exposure to substances 
"at or below" the TLV (ACGIH, 1984:2). Furthermore, it is clear from 
reviewing the basis for TLVs that documentation for them is uneven and many 
are based only on anecdotal information, short-term acute studies or 
information that is old and has not been recently updated. For example, the 
current data base for the barium TLV is essentially what it was 30 years ago 
when Stokinger and Woodward (1958) relied on it. It was established based on 
anecdotal information, a suggestion in a personal communication to a TLV 
Committee member indicating that such a limit had been used at a laboratory 
"for a number of ye<:J,rs ... with satisfactory results." The limited factory 
animal test data cited indicated adverse effects at all doses tested (i.e., no 
NOEL was reported) and the ACGIH acknowledges that the data as a whole 
"suggest" that barium "cannot be considered inert for chronic exposure" 
(ACGIH, 1980:35). Similarly, a recent assessment of the validity of using 
TLVs as a basis for ambient air quality standards was not supportive ,of the 
practice (Calabrese, 1986). Among the factors not likely to be adequately 
accounted for by TLVs would be cancer. Although combined listings from 
various authoritative sources (i.e., the International Agency for Research on 
Cancer, the National Toxicology Program, USEPA's Carcinogen Assessment Group 
and the Occupational Safety and Health Administration) have identified a total 
of 210 known or suspected carcinogens (ILRU, 1985), the ACGIH's list of known 
or suspected carcinogens contains only 50 substances. Of the,se 50 substances, 
TLVs have not been established for 11 and where TLVs have been established 
they do not generally appear to be based on carcinogenic risk (ACGIH, 1984, 
,and ACGIH, 1980). 
There were other problems with this methodology besides reliance on the 
TLV. As Stokinger and Woodward (1958:519) recognized, there is great 
"uncertainty" in the choice of inhalation and ingestion absorption factors. 
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Furthermore, even if such factors were accurately known and dose to the 
bloodstream could be determined, there might be other significant route-
associated effects. Epidemiological evidence, for example, implicates 
occupational exposure to asbestos (presumably via inhalation) in causing both 
lung and gastrointestinal (GI) tract cancers; however, the evidence is 
equivocal regarding the ability of asbestos in drinking water to cause cancer 
(USEPA, 1985c:46962). 
In recent years USEPA has formalized quantitative methodologies for 
calculation of both water quality criteria and health-based drinking water 
standards or RMCLs (USEPA, 1980: 79350-79357 and USEPA, 1985c:46944-46950). 
In each case, toxic substances are classified as acting via threshold or 
non-threshold classification. In the case of RMCLs, the standard depends on 
weight of evidence indicating carcinogenicity, and in some cases, availability 
of data. Where information strongly indicates carcinogenicity, the RMCL is 
set at zero. Where the information is ,equivocal, the RMCL is calculated using 
the threshold methodology unless there is inadequate information to do so. In 
that case, the non-threshold methodology utilized for water quality criteria 
is applied (USEPA, 1985c:46948-46949). For criteria, USEPA has also allowed 
for consideration of exposure due to consumption of aquatic organisms. 
B. Quantitative Methodologies -
1. Non-Threshold (Carcinogens) -
The methodology USEPA applies to determine crit~ria for substances 
classified as carcinogens involves a probabilistic analysis of excess risk 
based on laboratory animal or human epidemiological studies. When animal data 
are used, it must be extrapolated from animals to humans by assuming that the 
effect is a function solely of exposure and that exposure is proportional to 
body surface area or the 2/3rds power of weight (USEPA, 1980:79351-79352). 
Therefore, the equivalent human dose would be obtained by mUltiplying the 
animal dose by the 1/3rd power of the animal to human weight ratio. As shown 
in Table 4, the equivalent human dose thus obtained would be approximately 
1/5th (0.192) of the animal dose in extrapolating from male rats or 1/l3th 
(0.0794) of the animal dose in extrapolating from male mice to humans. The 
validity of this extrapolation is uncertain. Although information is lacking 
to judge interspecies susceptibility to carcinogens, it is possible that 
humans may be considerably more susceptible to the effects of some carcinogens 
than animals. With regard to teratogens, for example, where there is 
comparable data it has been reported that "With one exception, humans appear 
to be somewhat more susceptible than the most susceptible animal species 
tested" (Clement Associates, Inc., 1981: xvii). As shown in Table 5 for 
thalidomide, humans were the most susceptible species for which there is data, 
and the difference bet\oJeen humans and either mice or rats was much more than 
would have been indicated by using USEPA's scaling factors (5 and 13, 
respectively, compared to 20 and 62, respectively). 
USEPA extrapolates from high to low doses by assuming a linear, 
non-threshold dose-response relationship is appropriate. This relationship 
is then mathematically modeled. The criteria is based on the 95% upper 
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Table 4 
USEPA ANIMAL TO HUMAN EXTRAPOLATION FACTOR CALCULATION*-
USEPA extrapolates from laboratory animal exposure to equivalent 
human exposure by multiplying the lifetime average daily exposure 
per animal (LAEA) by a scaling factor to obtain the human LAE (LAEH). The scaling factor is based on an assumption that exposure is proportional to body surface area or the2/~/3rds power of 
weight. The scaling factor is equal to (WH/WA) . 
Since LAE is in units of mg/day, it may be obtained by mUltiplying 
the dose (D) in mg/kg/day time weight (W). In other words, 
LAE = D x W. 
Therefore: 
LAEA (W /W )2/3 H A 
2/3 DH x WH = (DA x WA) (WH/WA) 
DH (DA) (WA/WH) (WH/wA)2/3 
DH DA (WA/WH) 1/3 
Characteristic weights for males of various species may be assumed 
to be: 
1. human- 70 kg 
2. rat- 0.50 kg 
3. mouse- 0.035 kg 
Under those assumptions: 
1. DH = D (0.192); and 
rat 2. DH = D (0.0794). 
mouse 
* This methodology is outlined in various USEPA health assessment 
documents. In this case, the health assessment document for 
chloroform has been relied on (USEPA, 1985a;8-82 - 8-90). 
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Table 5 
COMPARISON OF DOSES REQUIRED FOR TERATOGENIC EFFECTS 
OF THALIDOMIDE IN VARIOUS MAMMALIAN SPECIES* 
Species 
Lowest Dose For Detec-
tectable Effects (mg/kg) 
Ratio of Animal 
to Human Dose 
Human 0.5-l.0 
Monkey 10 20 
Rabbit 2.5 5 
Mouse 31 62 
Rat 10 20 
Armadillo 100 200 
Dog 100 200 
Hamster 350 700 
Cat 0.5 1 
*Table VI-3 from Clement Associates, Inc. (1981; VI-14). 
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confidence limit dose calculated for the particular level of excess risk 
judged "acceptable" (USEPA, 1980: 79350-79351). 
2. Threshold-
The methodology USEPA applies to determine criteria or RMCLs for 
substances other than carcinogens involves identification of the no observed 
adverse effect level (NOAEL) and the use of "uncertainty" factors (UF) to 
obtain an ADI. The nature of the uncertainty factor used is a function of the 
quality of data available. 
USEPA relies primarily on the traditional order-of-magnitude uncertainty 
factor. When valid long-term data from human studies are available, an 
uncertainty factor of 10 is used to account for intraspecies variation. If 
only animal data are available, an additional factor of 10 is used to account 
for interspecies variation (the combined uncertainty factor would then be 
100). When only less than chronic exposure data is available, another factor 
of 10 is used to take this additional uncertainty into account (the combined 
uncertainty factor would then be 1,000). More corrections may be made "when 
justified" by "scientific judgment". For example, an extra factor of from one 
to 10 is recommended when a LOAEL is used instead of a NOAEL (USEPA, 1980: 
79353,and USEPA, 1985c:46946). 
When an appropriate NOAEL or LOAEL has been identified from studies and 
an appropriate UF for it selected, the ADI is calculated as: ADI=(NOAEL or 
LOAEL)/UF. The RMCL can then be,determined by taking human weight (W) and 
drinking water consumption r'ate (C)' into consideration: RMCL=(ADI) (W) /C. An 
average weight of 70 kg and consumption rate of 2 L/day are generally assumed 
by USEPA; however, where information indicates that children are a 
particularly sensitive subpopulation the weight of 10 kg may be used (USEPA, 
1985c:46945). For the general case, the RMCL in mg/L equals 35 times the ADI 
in mg/kg/day. 
Clearly, the critical aspect of this methodology is precisely how 
judgment is exercised to determine what the NOAEL or LOAEL are and the 
appropriate UF to use. For example, USEPA's current proposed barium RMCL of 
1,500 ug/L is based on a study of hypertension in rats chronically exposed to 
barium. In this study, a statistically significant increase of four to seven 
mm of Hg in blood pressure was observed in rats exposed to barium at a level 
of 10,000 ug/L in their drinking water (0.51 mg/kg/day). USEPA chose this 
exposure level as its NOAEL because the increase was considered "not large 
enough to be considered an adverse effect". It then used the next highest 
exposure level, a concentration of 100,000 ug/L in the drinking water (5.1 
mg/kg/day), as the LOAEL (at that level "clear hypertension and cardiotoxic 
effects" were observed) and divided it by an UF of 100 to obtain an ADI of 
0.051 mg/kg/day. USEPA explained its use of this UF rather than one of 1,000 
(as it acknowledged would be appropriate under its specified methodolo'gy) by 
asserting that in this case an UF of 100 is more appropriate because "the 
minimized exposure to trace metals" in this study "may have contributed to the 
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observed effects" (USEPA, 1985b, and USEPA, 1985c:46964). Whether USEPA's 
judgment in this matter is correct or not, its impact on calculation of the 
RMCL results in a concentration as much as two orders-of-magnitude different 
than strict application of the methodology might otherwise lead to. 
The fluoride RMCL is another example of how judgment may be exercised to 
impact the standard setting process. Since 1942 there has been a fluoride 
drinking water standard based on limiting the occurrence of "objectionable" 
dental fluorosis (i. e., "moderate" to" severe" staining and/or pitting of 
teeth). In 1985 USEPA set the RMCL at 4,000 ug/L, nearly double the previous 
standard maximum of 2,400 ug/L. This was done by redefining dental fluorosis 
as being a "cosmetic" rather than adverse health effect. The new RMCL is 
based on skeletal fluorosis. The definition of an adverse health effect under 
the Safe Drinking Water Act is a matter left completely to the judgment of 
USEPA's administrator (USEPA, 1985d). The new fluoride RMCL has been appealed 
to the District of Columbia Circuit Court of Appeals. 
AQUATIC LIFE PROTECTION CRITERIA 
A. Background 
Our understanding of the effects of toxic substances on aquatic life and 
abi+ity to use that information in establishing protective criteria lags 
behind what the situation is with regard to human health. The most widely 
available information on aquatic toxicity comes from acute bioassays; however, 
the need is for· criteria to protect against chronic effects (e.g., effects on 
growth and reproduction), and much less information of that type exists. 
Toxicity is a function of both time of exposure and exposure 
concentration. It is standard today to quantify the acute toxicity of a 
pollutant to fish by the concentration determined to kill half of the exposed 
test organisms during a 96 -hour time frame in a flmoJ- through bioassay. This 
value is variously referred to as the 96-hour median tolerance limit (TLm) or 
median lethal concentration (LC50) (acute tests for invertebrates may still be 
48-hour static bioassays). Much of the older data is of questionable utility 
because it was generated in static tests run for shorte~ periods of time. 
Procedures for acute static bioassays didn't become available until 1951 
(McKee and Wolf, 1963:115) and procedures for both acute and chronic 
flow-through bioassays weren't developed until the 1960s (NTAC, 1968:58). 
Life-cycle testing is necessary to obtain the best quality chronic 
information; however, because of the time and expense in generating such 
information and the technical difficulties in testing some species, efforts 
have been made to develop shorter-term approaches focusing on what are 
believed to be the more sensitive life-stages (e.g., early-life development 
and growth or reproduction). The objective of chronic bioassays is to 
generate sufficient information to be able to determine the long-term maximum 
acceptable toxicant concentration (MATC) for th~ test species. The MATC may 
be calculated as the geometric mean of the highest concentration tested at 
which there was no adverse effect and the lowest congentration tested at which 
there was an adverse effect (Stephan, et al., 1985:39). The ratio of the MATC 
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to the 96-hour LC50 is defined as the application factor (AF). In the absence 
of better information, aquatic life protection criteria have sometimes been 
determined by multiplying an assumed AF times a measured 96-hour LC50. 
Some idea of the evolution of water quality criteria for aquatic life 
protection and how those criteria compare to existing water quality standards 
in Illinois is given in Table 6 for those metals previously considered in 
Tables 2 and 3. Whereas McKee and Wolf (1963:140-297) exercised their 
judgment to specify criteria for five of the 10 metals in 1963, the NTAC 
apparently found that adequate information to establish specific criteria 
existed for only one of the metals in 1968. Information was available for all 
eight of currently recognized importance for aquatic life protection by 1980, 
but further refinement was possible by 1984. It is particularly important to 
note that the values listed in Table 6 are maximums under optimum conditions 
and sometimes for short durations. For example, the 1984 maximum criterion 
for lead is the 160 ug/L value in hard water (i.e., 200 mg/L a$ CaC03 ) listed. In soft water (i.e., 50 mg/L as CaC03 ), the maximum criterion would be 25 
ug/L. The appropriate long-term criteria (i.e., 30 consecutive day average) 
would be 64 ug/L for hard water and 1.0 ug/L for soft water (USEPA, 
1984b:4553). As with drinking water, the trend has been towards increased 
recognition of the need to regulate specific contaminants, and this trend is 
more obvious when SOCs are also considered. 
B. Quantitative Methodologies -
"Methodologies for determining water quality criteria have changed with 
and become more complex over time. In 1968 the NTAC recommended that 
protection of aquatic life from toxic substances be framed around the 
principle of protecting "every important species" (NATC, 1968:56): This would 
be accomplished by conducting 96-hour acute bioassays and applying application 
factors to the TLm values found for all species of concern where chronic 
information was not available. The lowest actual or calculated "MATC" would 
be limiting. Where there were mixtures of two or more toxic substances of 
concern, the following relationship would govern (NTAe, 1968:59): 
+ 
C 
n 
L 
n 
1 
For the above relationship, "L" is the contaminant limiting concentration 
determined on an individual basis .and "e" is the actual permissible 
concentration for that substance in the mixture determined in relation to 
other substances also present. This relationship implies that the toxicity of 
toxic substances in mixtures is additive. Similar reco~nendations were made 
be NAS and NAE in 1972. The maj or d-ifference was that instead of protecting 
all important species the objective would be to protect the most sensitive 
significant species (NAS-NAE, 1972:110). 
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Table 6 
AQUATIC LIVE PROTECTION WATER QUALITY CRITERIA AND ILLINOIS WATER 1 
(WQS) FOR METALS HAVING DRINKING WATER STANDARDS (ug/L) QUALITY STANDARDS 
Criteria 
Metal 19632 19683 19724 19765 19806 19847 
I11ingis 
WQS-
Arsenic 1000 
* * 
4409 1409 1000 
Barium 10 5000 
Cadmium 1/3011 30 12 6.3 10 50 
Chromium 100012 
5013 
2014 50 100 2111 1114 5014 
10009 
Copper 20 1/1011 0.115 0.115 43 29 20 
F1uoride10 1500 1400 
Lead 100 
* 
30 0.115 400 160 100 
Mercury 
* 
0.2 0.05 0.0017 l.1 Q.5 
Silver 
* * 
0.115 l3 5 
. Zinc 1/10011 0.00515 0.0115 570 1000 
* No specific criteria listed. General criteria for persistent or 
cumulative materials is that maximum concentration should not exceed 
1/20th of or 0.05 times the 96-hour TLm one-tenth of the 96-hour TLm (35 
Ill. Adm. Code 302.210, 1985) or indigenous aquatic life standard of 
one-half of the 96-hour TLm for specified streams in the Chicago area (35 
Ill. Adm. Code 302.410, 1985). 
1. Criteria or standards listed are, when more than one number is available, 
the maximum for anytime or any place in hard water. For some metals, the 
criterion is function of hardness. In all of these cases, the metal is 
more toxic in soft water (i.e., the criterion concentration is lower). 
For some metals, the criterion is a function of time. In all of these 
cases, the 24-hour or 30-day criterion is a lower concentration than this 
maximum. 
2. McKee and Wolf (1963:140-297). 
3. NTAC (1968:58-61). 
4. NAS-NAE (1972:122 and 177-182). 
5. USEPA (1976). (con't) 
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Table 6 (con't) 
6. USEPA (1980). 
7. USEPA (1984b). 
8. General use water quality standards specified at 35 Ill. Adm. Code 
302.208 (1985) for chemical constituents. 
9. Trivalent form only (total in all other cases unless otherwise 
indicated). 
10. Not generally considered to be a problem with regard to aquatic life and, 
with the exception of fluoride in 1963, not specifically addressed by 
these criteria. TLm for "trout" reportedly ranges from 2,300 to 7,500 
ug/L (McKee and Wolf, 1963:191). 
11. Application factor time 96-hour TLm. 
12. Criteria for protection of fish from both tri and hexavalent chromium. 
13. Criteria for protection of aquatic life other than fish from both tri and 
hexavalent chromium. 
14. Hexavalent form only (total in all other cases unless otherwise 
indicated). 
15. Application factor time 96-hour LC50. 
Current USEPA guidelines for national water quality criteria are based on 
providing protection for 95% of aquatic organisms. USEPA indicates that this 
"probably" provides "a reasonable level of protection ... unless a commercially 
or recreationally important species is very sensitive." The 5% that are not 
protected by criteria developed from these guidelines is judged to be ~ "small 
fraction" of the total. The cutoff line of 5% is explained by indicating that 
other fractions "resulted in criteria that seemed too high or too low in 
comparison" (Stephan, et al., 1985:2). The guidelines provide a 
statistically-based methodology for calculating freshwater national water 
quality criteria when the following minimum amount of data are available 
(Stephan, et. al., 1985:23-34): 
1. acceptable acute tests for at least one species of freshwater animal 
in each of eight different delineated types of families: 
2. acute-chronic ratios (ACR) for at least one species of aquatic 
animal in each of three different delineated types of families (two 
may be saltwater species); 
3. at least one acceptable test with a freshwater algae or plant; and 
4. at least one acceptable determination of a bioconcentration factor 
for an appropriate freshwater species. 
The acute data are used to calculate a final acute value (FAV). When 
adequate chronic data of the same type exists it can be. used to calculate a 
final chronic value (FCV) in the same manner or the FCV can be obta"ined hy 
calculating the geometric mean of the ACRs and dividing the FAV by it. The 
plant data is used to determine a final plant value (FPV) and the 
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bioconcentration data is used to determine a final residue value (FRV) , in a 
specified manner. 
Current USEPA policy is to determine ~.,ater quality criteria in terms of 
both a maximum (criterion maximum concentration or CMC) and 30-day average 
(criterion continuous concentration or CCC). The maximum is calculated by 
dividing the FAV by two and the 30-day average is the lowest of the FCV, FPV, 
or FRV (Stephan, et al., 1985:54). Criteria may be recalculated to match them 
more closely to the species actually present in a state or at a given 
location. A comparison of criteria calculated for Illinois general-use water 
quality standards is presented in Table 7. As is the case with Table 6, it is 
important to note that the criteria values listed are maximums under optimum 
conditions (i.e., hard water) for short duration exposure. For soft water 
and/or longer exposure the criteria concentrations would be substantially 
lower. 
DISCUSSION AND ADDITIONAL RESEARCH NEEDS 
Quantitative methodologies are now available that allow us to establish 
environmental standards based on toxicological data. However, these 
methodologies and the standards produced by their use necessarily involve 
simplifications and policy decisions that cannot be fully supported solely by 
existing scientific knowledge. Furthermore, whereas additional research will 
lead to improved scientific understanding in important areas, it is unlikely 
to definitively answer all of our present information needs. Research will 
probably identify new questions we are not currently aware of. 
Some areas where additional research would be useful are (this list is 
not intended to be exhaustive but'is meant to point out areas where additional 
information would assist in rational determination of environmental 
standards): 
1. Methods for assessing human population exposures to toxic substances 
and what those exposures mean in terms of effective biological dose. 
Our understanding of the implications of such cross-media exposures 
as volatile organic compounds becoming airborne from drinking water 
is rudimentary, and our knowledge of absorption factors for 
contaminants in the lungs, GI tract and dermally is inadequate to 
quantify with confidence. For example, little attention has been 
paid to dermal exposures in the past, but recent research indicates 
this route may be of more significance than previously assumed 
(Brown, et a1., 1984, and Shm., and Guthrie, 1985). Since much of 
what we know about GI tract absorption comes from laboratory animal 
studies, we are handicapped in judging how valid those models are 
for human exposures. Lack of information also makes it difficult to 
judge the relative importance of exposures via different media or to 
rigorously support the use of toxicological information obtained 
from studies of one route of exposure in assessing the impact of 
toxic substances occurring as a result of other routes of exposure. 
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Table 7 
NATIONAL AND ILLINOIS AQUATIC LIFE PROTECTION WATER QUALITY CRITERIA 
FOR METALS HAVING DRINKING WATER STANDARDS 
Criteria 1 
Metal Illinois National Illinois WOS.f. 
Arsenic 58.1 113. 1000 
Barium 3 5000 
Cadmium 4 5.22 7.05 50 
Chromium 5.39 12.2 505 
10006 
Copper 4 21. 6 28.3 20 
Fluoride3 1400 
Lead 4 37.9 23.8 100 
Mercury 1. 00 0.470 0.5 
Silver 4 3.73 4.82 5 
Zinc 4 220 500 1000 
1. Wu, et al. (1982). Criteria or standards listed are, when more than one 
number is available, the maximum for any time or place in hard water 
(i.e., 200 mg/L as Ca CO}). For some metals, the criterion is a function 
of hardness. In all of these cases, the metal is more toxic in soft 
·water (i.e., the criterion concentration is lower). The 30-day criteria 
are lower concentrations than these maximums. 
2. General use water quality standards specified at 35 Ill. Adm. Code 
s302.208 (1985) for chemical constituents. 
3. Not generally considered to be a problem with regard to aquatic life and 
note specifically addressed by any of these criteria. See note 10 of 
Table 6. 
4. Criteria related to hardness. Hard \Vater value calculated using equation 
3.7 from Wu, et a1. (1982: 3-6) . Values used for mean acute slopes (V) 
were: 1.05 for cadmium, 0.94 for copper, 1.22 for lead, 1.72 for silver, 
and 0.83 for zin~. 
5. Hexavalent form only (total in all other cases unless otherwise 
indicated). 
-6. Trivalent t:orm only (total in all other cases unless otherwise 
indicated) . 
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2. Methods for identifying subpopulations of greater susceptibility to 
toxic substances than the general population. Subpopulations may 
have greater susceptibility by virtue of age, consumption patterns 
or genetic predisposition. An important associated policy decision 
is who should environmental standards be designed to protect? For 
example, is protecting the average adult male who we~ghs 70 Kg, 
drinks 2 L of local tap water per day and inhales 20 m of air per 
day an adequate approach, and do we have sufficient information to 
do better if it isn't? 
3. Methods for risk assessment. The linear, no threshold model is 
widely used for assessing cancer risk. Science may never be able to 
definitively determine 'lThether this model is valid but there is 
conceptual and empirical support for it. However, substances which 
may cause other effects for which there may be no threshold (e.g., 
some teratogens and neurotoxins) are currently regulated as if they 
had a threshold. Improved methodologies are necessary for them. 
Additionally, existing quantitative methodologies consider toxic 
substances as if they occurred as single contaminants rather than in 
mixtures. In reality, we are exposed to mixtures. The cumulative 
effect of these mixtures is likely to result in greater risk than 
the' methodologies are based on. For example, if all toxic 
substances in a mixture were present in concentrations sufficient to 
cause the "acceptable" level of risk and there were 10 substances 
present whose effects in a mixture were merely additive, the actual 
risk would be an order-of-magnitude higher than "acceptable". In 
the case of threshold toxic~nts, it is posstble that combined ef-
fects could result in exceeding the threshold. 
4. Methods for extrapolating health effects from animals to humans. 
Current methods (i.e., using UFs or using animal to human weight 
ratios) appear to have been based on acute effects rather than 
chronic ,. and there is little basis to judge what is the best way to 
make such extrapolations. 
5. Updating the standard information base and developing methodologies 
for extrapolating from the most commonly available toxicological 
information (i.e., acute effects tests) to make judgments regarding 
appropriate interim general environmental standards. Much of the 
existing toxicological base is the product of research and testing 
over a long period of time. During this time test methodologies 
have been improved, particularly with regard to chronic effects. 
However, chronic effects information for many toxic substances is 
either lacking or was generated by tests that are unacceptable by 
today's knowledge. For example, of the approximately 600 generic 
active ingredients for pesticides currently on the market only six 
(i. e., 1%) have been fully tested to meet the requirements of the 
1972 federal pesticide law and it is expected that it may take 
another .25 years to comple.te the .necessary review process unless 
additional resources become available (Sun, 1986). Particularly in 
the field of aquatic toxicology, even the older acute tests may be 
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inadequate. A rigorous evaluation of acute toxicity information is 
necessary to determine if this data base can be used to generate 
appropriate interim general environmental standards. Althollgh the 
general approach used by McNamara (1976) in a previous effort to do 
this was sound, there were a number of problems with his work. His 
data base was small, outdated and apparently selected on an 
arbitrary basis, he used no consistent criteria in assessing the 
toxicity of chemicals in this data base, the sample size of test 
animals on which his data was based may h2ve varied and the 
correlation he found was poor (i.e., an r of 0.07 for the 
correlation between the median lethal oral dose, LD50, and the 
lifetime NOEL) (Hallenbeck, 1986). 
6. Methods for determining criteria that adequately protect aquatic 
life with regard to mixtures of toxicants. At present, criteria and 
standards have been developed.for individual chemicals. Recent 
research indicates that this is less than protective when mixtures 
occur; For example, Spehar 'and Fiandt (1985) reported that in their 
tests of mixtures of six metals (i.e., arsenic, cadmium, chromium, 
copper, lead and mercury) that mixtures at the CMC (Criterion 
Maximum Concentration) caused nearly 100% mortality for rainbow 
trout and daphnids and that mixtures at the CCC (Criterion 
Continuous Concentration) (i.e., "average") significant adverse 
effects on reproduction and growth were observed for daphnids and 
fathead minnows, respectively. Similarly, they reported that 
"Adverse effects were observed at mixture concentrations of 1/2 to 
1/3 of the MATC.(Maximum Acceptable Toxicant Contamination) on 
fathead minnows and daphnids, respectively, suggesting that 
components of mixtures at or below no ·effect concentrations may 
contribute significantly to mixture toxicity on a chronic basis". 
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Report 
USEPA, 

Integrating Toxicology into a State Environmental 
Regulatory Agency 
(Transcription) 
Dr. Janice V. Perino 
Manager, Office of Chemical Safety 
Illinois Environmental Protection Agency 
Much of what I want to talk about will really tie together and summarize 
some of the comments which you've heard in this morning's session. The 
director of the Illinois EPA, Richard Carlson, was unable to be here, and he 
sends his regrets at his absence and welcomes you to this meeting. 
In Illinois, environmental issues are covered under three State entities 
as shown in Figure 1.. The responsibilities of the three agencies involved 
directly in the general environment are: regulatory concerns by the IEPA, 
research by the DENRand permit appeals and regulatory approval by the PCB. 
Ecotoxicology is a concern of all three of these agencies, either directly.or 
indirectly. The main focus of my talk will be the integration of toxicology 
into a regul.atory • agency, the IEPA. Much of this integration is the 
responsibility of .the Office of Chemical Safety (OCS) at the IEPA. 
Because we're short of time, I'll go very quickly through the background 
of the development of environmental regulatory programs from their inception 
in the '70s in the State of Illinois. I'll summarize the accomplishments of 
the first round of regulations, what problems still exist, and why and how we 
Figure 1 
STATE OF ILLINOIS 
ENVIRONMENTAL RESPONSIBILITIES 
Illinois Environmental Protection Agency 
Department of Energy & Natural Resources 
Pollution Control Board 
Regulatory 
Research 
Court 
Approve Regulations 
Environmental Program Coordination 
Illinois Department of Public Health 
Illinois Department of Agriculture 
Illinois Department of Nuclear Safety 
Illinois Department of Mines and Minerals 
Illinois Department of Labor 
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Health Assessments 
Asbestos Registry 
Pesticide Council 
Radon 
Mine Program 
Worker Right-to-Know 
State OSHA 
are identifying problems with chemical contamination and bringing toxicology 
into our State's program. 
I will address this topic from the viewpoint of a regulatory agency. 
This provides a different perspective than a research agency. There are 
regulatory requirements which provide the basic approach to controlling 
pollution. There are incentives in addition to the regulations. 
The initial approaches to environmental regulation have been based upon 
setting standards for particular chemicals as you see in Figure 2. Most of 
the time, engineering standards are technology-based, whether it is a water or 
an air emission that is being considered. That is, if there is a scrubber 
available, ··then the industry shall use the scrubber. Incentives generally 
take the torm of financial subsidies, especially for the POTWs (municipal 
treatment·plant). 
The programs listed in Figure 2 refer to our media divisions: 
Air Pollution Control, Water Pollution Control, Land Pollution Control, and 
Public Wateir Supplies which implements the Safe Drinking Water Act. 
There is a federal/state partnership between IEPA and USEPA. In Illinois 
we have a working relationship with the IEPA implementing federal and state 
rules, regulations, and standards and conducting permitting activities. The 
State's role includes ambient monitoring, program planning, setting state 
standards, operation of approved programs or activities and emergency 
response. The IEPA works with a large number of industrial and municipal 
facilities. 
Figure 2 
TOXIC CHEMICAL REGULATION 
AIR POLLUTION CONTROL 
-CRITERIA POLLUTANTS (6) 
NESHAP (4) 
"STATE INITIATIVE" 
LAND POLLUTION CONTROL 
-RCRA/CERCLA (978) 
TSCA 
PUBLIC WATER SUPPLY 
-MAXIMUM ALLOWABLE CONCENTRATIONS (28) 
MAXIMUM CONTAMINANT LEVEL (9) 
HEALTH ADVISORY (51) 
WATER POLLUTION CONTROL 
-PRIORITY POLLUTANTS (126) 
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IEPA is also implementing a vehicle inspection and maintenance program to 
decrease air pollution in the Metro Chicago and E. St. Louis areas. The 
agency also responds to over 1300 emergencies a year. These may be viewed as 
responses to acute toxin chemical exposures or releases. A simplified view of 
responsibilities in the toxicology area at IEPA is shown in Figure 3. OCS 
works with chronic toxins, and the Office of Emergency Management (OEM) 
responds to "emergencies." 
Figure 3 
OFFICE OF CHEMICAL SAFETY 
-PRIMARILY CHRONIC TOXINS 
OFFICE OF EMERGENCY MANAGEMENT 
-PRIMARILY ACUTE TOXINS·OR PHYSICAL HAZARDS 
FORMERLY ERU 
The characteristics of the above environmental programs were initiated in 
the early '70s; their intent was to control conventional pollutants. That 
has been mentioned in some way or another several times this morning. 
Conventional air pollutants include things such as control of dust 
and particulates and the various kinds of chemicals that have been involved 
with ozone formation. In the water, dissolved solids, oxygen and 
inorganic nutrients have been emphasized. And the results over the last 
15 years include cleaner air and cleaner water. These direct controls 
have also resulted in the indirect removal of various toxic chemicals. For 
example, the very activity of removing particulates may also remove some of 
the organic molecules and other toxic compounds of interest when you 
endeavor to further decrease toxicity of air emissions. 
We have, to date, relied heavily on technology-based standards to achieve 
our goals of a cleaner, safer environment. We have focused on individual 
sources of pollution, and the approach has been media specific: that is, air, 
water or soil. Everything in the way our environmental laws were established 
and implemented forced a separation of considerations to work on either air 
pollution, water pollution or soil contamination. As has been alluded to in 
several talks this morning, that separation has inevitably led to problems. 
Restrictions and permits which clean up the water may inadvertently increase 
contaminants going into the air. 
The emerging concerns in the decade of the '80s include individual 
chemicals that might have toxic effects, usually at low levels. The chronic 
effects of environmental impacts, up until now, were not greatly considered in 
environmental regulations. We were looking much more at acute effects. Cross 
media impacts also have become more important in the last five years. 
Dealing with these concerns is one of the reasons why we're all at this 
workshop today. 
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The development of environmental regulations has included lists 
of chemicals as shown in Figure 2. Notice that each set of regulations 
covers a specific number of chemicals. If you consider the total 
universe of chemicals, relatively few are controlled. The priority 
pollutant list is under the Clean Water Act as was discussed earlier this 
morning. The covered air emissions include chemicals under NESHAPS and 
criteria pollutants. All of these numbers of chemicals, by the way, are 
moving targets; they do change somewhat from year to year. RCRA and CERCLA 
have just under 1,000 chemicals or hazards listed. 
There are other chemicals which are potentially of concern which are not 
covered directly by these environmental regulations. The Illinois worker 
right-to-know bill, as a comparison, has 160 carcinogens including IARC's 
list. Not all of these carcinogens and those listed by other groups are 
covered under the various environmental laws as far as being controlled or 
reportable. The National Toxicology Program also lists carcinogens. The list 
is up by about 31 chemicals from. last year's list so that it's closer to the 
length of the IARC list of carcinogens. The IARC and NTP list overlap 
considerably. Most of the chemicals that are on one are also on the other. 
The proposed Illinois community right-to-know bill contained approximately 90 
chemicals in one version and did not include many of these carcinogens. 
TSCA, which was discussed this morning, covers chemicals, and yet the 
number of testing orders to determine if a new chemical is potentially a human 
carcinogen that have been issued by the USEPA as of last year, is a much, much 
reduced number: 10. Those are very expensive tests. You do not lightly ask 
or require that they be run. Also the TSCA list of chemicals is a commerce 
law, and it's not environmentally oriented. And, to date, it excludes state 
involvement in its activities. The USEPA contractors have access to 
confidential business information under TSCA, but the states do not. The 
state toxicologist, then, cannot have access to confidential business 
information at this time under any circumstances, even though a facility is in 
our state, and we are regulating other aspects of the business' activities. 
The approach that exists today in the United States for considering 
environmental chemical contamination is a traditional approach (Figure 4) 
based on physical and chemical monitoring. Advanced technology allows us to 
quantify the level of the problem. This approach is very well accepted by 
industry, by regulators and by the public. But even so, and even though the 
technology is very good, it is also very expensive. Although we have very, 
very good chemical laboratories at IEPA, we cannot keep up with the analytical 
work load. We have hired outside consulting laboratories to do additional 
analyses for us. And we swamp them; therefore we have hired additional 
groups of laboratories to keep up with the analyses. The analyses are 
expensive, and they're time-consuming. 
The effects of chemicals, both health effects and environmental effects, 
may occur below the analytical detection limits (Figure 5), and analytical 
detection limits are different depending on whether or not you're analyzing 
air, water or soil. Soil is very much more difficult to analyze, and the 
detection limits are higher. All of the toxic chemicals in complex samples 
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may not be identified. If we go out to a site that is suspected of having 
been a dump site, and which perhaps may have contained hazardous waste, how do 
we decide which chemicals to analyze for? Often times, it's based on some 
initial historical perspective which mayor may not give us a total picture of 
what has been used at that site. And very important is that any chemical 
analysis ignores the potential of chemical interactions. 
Figure 4 
TRADITIONAL APPROACH -
PHYSICAL AND CHEMICAL MONITORING 
ADVANCED TECHNOLOGY 
QUANTIFIES LEVEL OF PROBLEM 
ACCEPTED BY INDUSTRY, REGULATORS AND PUBLIC 
Figure 5 
SHORTCOMINGS OF TRADITIONAL APPROACH 
EFFECTS MAY OCCUR BELOW ANALYTICAL DETECTION LIMITS 
ALL TOXICANTS IN COMPLEX SAMPLES MAY NOT BE IDENTIFIED 
IGNORES POTENTIAL CHEMICAL INTERACTIONS 
Around 1980, the IEPA used internal and external committees to develop 
and review proposals to better control the new generation toxics. Jim Park 
mentioned the Chemical Safety Agenda which was the end-result of this entire 
process in 1984. The Toxics Advisory Committee involved toxicologists and 
interested- parties from industry, from academia and from envIronmental 
groups, including the League of Women Voters. It used the 
Management-by-Objectives format, which essentially means that we put together 
a ten-year program for all of the divisions in the agency with objectives, 
goals and how we would plan to "get there". 
The Office of Chemical Safety was pa~t of that strategy, and I started, 
in the .middle of 1983, the Office of Chemical Safety at the ~llinois EPA 
(Figure 6). So like HWRIC, we're not very old either. The Chemical Safety 
Agenda goal (Figure 7) is the elimination of unreasonable risk. OCS, the 
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Office of Chemical Safety (Figure 8) functions to develop toxicity testing 
protocols and bioassay laboratories, to provide technical assistance, 
to develop and implement toxicity risk aSSeS!3ment capabilities within the 
agency, to recommend technical implementation of risk management (that's the 
decision making process), to provide site-specific problem evaluations and 
to assure worker safety. The applications of these functions to agency 
programs are shown in Figure 9. You can develop recommendations for a 
particular chemical for a particular exposure level, but applying it always 
has to consider the circumstances under which that number makes sense. 
Time and time again, whether we're concerned with drinking water, cleanup 
of a hazardous waste site, or an air emission, we find that we really do 
have to consider site- specific issues. 
Figure 7 
CHEMICAL SAFETY AGENDA: GOAL 
TO ELIMINATE UNREASONABLE RISK OF ADVERSE EFFECTS ON HUMAN HEALTH 
AND THE ENVIRONMENT FROM EXPOSURE TO TOXIC POLLUTANTS 
Figure 8 
THREE FUNCTIONAL AREAS OF OCS 
1. TOXICITY ASSESSMENT/RISK ASSESSMENT 
2. TOXICITY TESTING 
3. ENVIRONMENTAL/INDUSTRIAL HYGIENE 
The question was raised earlier about project integration. (OCS function 
areas are summarized in Figure 9). How are the environmental and 
toxicological areas being integrated in Illinois in our various activities? 
One integration technique includes a committee which was mentioned by Jim Park 
(and is depicted in Figure 10) which handles permit questions which involve 
cross-media issues. The Office of Chemical Safety was also set up to help 
address project integration and multimedia toxics issues. A major problem in 
integrating environmental issues is ingrained in the regulatory structure. 
That is, the environmental laws were written and implemented as individual 
water, air and hazardous waste programs. You don't get into integration with 
those separated programs. Each one has its o\vu reporting requirements. There 
are extreme limitations on how we can spend our federal monies at IEPA which 
affect integration. For some of our federally-funded cleanup sites, we can 
use dollars only for a specific site. We cannot even buy a software program 
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Figure 9 
APPLICATIONS OF TAIRA, TOXICITY TESTING AND WORKER SAFETY AT IEPA 
PERMITS 
CLEANUPS - EMERGENCY 
- LONG TERM 
- HOW CLEAN IS CLEAN? 
STANDARDS 
MACs 
SUPPORT OF OTHER AGENCIES 
E.G. IDPH'S FISH ADVISORIES 
COMPLIANCE MONITORING 
AMBIENT MONITORING 
SPECIAL PROJECTS, E.G. SOUTH CHICAGO 
to use on multiple sites because the dollars are tied by Congressional mandate 
to a particular site. So we literally are often limited to paper records only 
for each particular site. 
Figure 10 
COTICROPA 
COT - RISK ASSESSMENT 
CROPA - RISK MANAGEMENT 
CLEANUP OBJECTIVES TEAM WHERE COT 
CROPA COORDINATED REVIEW OF PERMIT APPLICATIONS 
This will also affect integration between IEPA and oth~r agencies. For 
those of you who have come in and worked with ~e; and with the Land Division, 
and with the other divisions, I'm sure you will agree that trying to get 
particular kinds of information can be difficult. Part of this is so 
ingrained in the overall regulatory and financial structure that it's 
institutionally impossible. to put them together. If our environmental 
regulations could be refined to not violate the first and second laws of 
thermodynamics, we'd be a long way towards integrating our environmental 
programs. 
Two other responsibilities of OCS have been the development 
including the mobile 
We're incorporating 
and implementation of toxicity testing at IEPA, 
and stationary laboratory centers, and worker safety. 
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these activities for use in: permits compliance and ambient monitoring, how 
clean is clean, and running various bioassays before and after a cleanup 
activity at a site. 
OCS is also involved in various special projects. Projects which are 
regional in nature fit our program integration activities which the 
traditional divisions are not set up to handle. 
There are a number of major areas in which toxicity data are being used 
increasingly in the agency, via activities of the Office of Chemical Safety. 
Biomonitoring is one; tomorrow you'll hear specifics about our aquatic 
biomonitoring tests from Jim Whitaker, who is developing one of our bioassay 
laboratories. But biomonitoring has some real advantages (Figure 11); it's 
the only way you can adequately address the mixtures question. And it answers 
the question of main concern: that is, is there a toxic effect in the 
environment? Laboratories can perform routine chemical analyses with 
detection limits in the parts per quadrillion range in the near future. 
Biomonitoring is not new (Figure 12), it has been used and has been around for 
a long time. 
In 1984, DENR and IEPA worked together to provide a proposal which 
Governor Thompson sponsored as a Chemical Research Initiative (Figure 13). 
The legislature supported the concept which resulted in the development of 
HWRIC and the IEPA's toxicity testing center. 
Figure 11 
BIOMONITORING 
-ASSESSES OVERALL TOXICITY OF ENVIRONMENTAL SAMPLE 
-INCORPORATES POTENTIAL CHEMICAL INTERACTIONS 
-DIRECTLY ANSWERS QUESTION OF PRIMARY CONCERN -
IS THERE A TOXIC EFFECT IN THE ENVIRONMENT? 
Figure 12 
WHEN THE CANARY DIED, 
IT WAS TIME TO GIT 
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Figure 13 
CHEMICAL SAFETY RESEARCH INITIATIVE 
GOVERNOR'S REQUEST (25 APRIL 1984) 
HAZARDOUS WASTE RESEARCH AND INFORMATION CENTER 
TOXrCITY TESTING CENTERS 
Figure 14 
IEPA: TOXICITY TESTING CENTER 
CHICAGO 
AMES ASSAY 
MICROTOX 
SPRINGFIELD 
AQUATIC (FISH, INVERTEBRATES, ALGAE) 
TERRESTRIAL (EARTHWORM, TRADESCANTIA) 
HAZARDOUS WASTE SITES 
MOBILE LABORATORY 
The IEPA has its toxicity testing centers in two areas (Figure 14): 
Springfield laboratories under OCS and Chicago Ames and micro-tox activities 
with which we work in a program integration fashion. We're developing the 
capabilities for applying biomonitoring to all media (Figure 15). It's a 
tough job. The bioassays with which we have started are listed in Figure 16. 
The two main test organisms initially are Daphnia, the water flea (Figure 17) 
and the fathead minnow (Figure 18). 
Biomonitoring is much better accepted in water than in soil and air; both 
of which seem to be more of a problem from technical and regulatory 
viewpoints. We have our protocols set up, though, for some air and soil 
tests. What we're short of right now is an adequate number of people to do 
the tests. 
The next area of responsibility for OCS is the technical information and 
toxicity assessment area, which includes risk assessment. It includes 
answering all sorts of questions about particular chemicals. And we're 
dealing with a vast array of chemicals (Figure 19): 50,000 industrial 
compounds, minimum. And that's an old number, generated in the early days of 
TSCA almost 10 years ago; it is increasing. In order to get current data in 
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this rapidly changing field, we tie into quite a few computer databases 
(Figure 20). Some of these were developed and financed by the USEPA. The 
best one shown in Figure 21 for most risk assessment purposes is CESARS, which 
was financed primarily by Region 5. It has been developed by Michigan, and 
the main problem is that there aren't enough chemicals in it. It's very 
expensive to develop the information for this database. There are two USEPA 
models or modeling systems (Figure 21) that are available for looking at fate 
and exposure and also risk assessment modeling. Risk assessment isn't your 
firmest of sciences, folks. We must deal with the differences of opinion that 
keep cropping up in the risk assessment process. 
Since risk assessment is often associated strictly with carcinogenesis, 
the IEPA has developed a toxicity impact analysis system (Figure 22), a TIA. 
There are six parts to the TIA ..• It can include: our own bioassays, existing 
information, characterization and interpretation, and presentation of the TIA. 
A lot of different things.· go into risk assessment. It requires good 
toxicologists, some kind of bioassay information and then some kind of 
regulatory decision-making process. We are developing decision analysis for 
use in our risk management process. 
Figure 15 
BIOMONITORING CAN BE APPLIED TO ALL MEDIA 
WATER 
AIR 
SOIL 
Figure 16 
INITIAL BIOASSAYS 
-STATIONARY LABORATORY 
STATIC 48 HOUR DAPHNIA 
STATIC 96 HOUR FATHEAD MINNOW 
-MOBILE LABORATORY 
FLO\.J-THROUGH 96 HOUR FATHEAD MINNOW 
STATIC 48 HOUR DAPHNIA 
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Figure 19 
UNIVERSE OF CHEMICALS 
-3.7 MILLION UNIQUE STRUCTURES (1976) 
-350,000 ADDED YEARLY 
-APPROX. 50,000 INDUSTRIAL COMPOUNDS 
Figure 20 
COMPUTER DATA BASES 
INFORMATION (CIS, QSAR, DIALOG, NLM) 
-MEDLARS -ENVIROFATE 
-TOXNET -GENETOX 
-AQUIRE -DERMAL 
-CESARS -CCRIS 
-OHMTADS -SANSS 
-RTECS -CASR 
-OTHERS 
Figure 21 
MODELING ENVIRONMENTAL FATE & EXPOSURE (USEPA MODELS) 
-GEMS 
-PIPQUIC 
Figure 22 
SUMMARY OF METHODOLOGY FOR TOXICITY IMPACT ANALYSIS 
(1) IDENTIFICATION OF THE TOXICITY AND END-POINTS OF CONCERN 
(2) IDENTIFICATION OF POPULATIONS POTENTIALLY AFFECTED 
(3) QUANTIFICATION OF EXPOSURES' 
(4) IDENTIFICATION OF LEVELS OF EFFECTS OR RISKS 
(5) INTERPRETATION AND CHARACTERIZATION OF THE IMPACTS 
(6) PRESENTATION OF THE TIA 
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The third area of toxicity with which we're concerned and which, if 
you're in academics and research you may not feel really fits into this topic 
as well, is the area of worker safety. But if I get to take you out to a 
hazardous waste site, and you're going to spend a day, a week, a month, years 
working on that site, then I assure you, the question of worker safety, of 
wearing respirators and "moon suits", is going to come up, depending on the 
site and depending on the hazard. For our agency, our industrial 
(or environmental) hygienists are chemically oriented since we're dealing 
mainly with chemical exposures. There are a number of main points or steps 
that are a part of the hygiene program (Figure 23). 
These are all new programs: training, including that required for 
compliance with the Illinois worker right-to-know act. Our main emphasis 
on worker safety is the hazardous waste site workers at IEPA right now. 
We're teaching people new ways of sampling which are safer. You would be 
amazed at some of the potential problems people set up for themselves when 
they don't sample properly. We have a medical mo~itoring program, 
primarily for our hazardous waste site workers. We are performing site 
safety audits, in which we go out and make sure the people we've trained know 
what and how to operate on-site. We're going to be expanding this activity. 
Record maintenance and development of site safety implementation program on 
cleanup sites are also important. This is alIa very new area of 
endeavor of industrial hygiene. It is so different that we are calling it 
environmental hygiene. 
You always need a way to end a talk and, even for a noon presentation, 
maybe a sunset will do. The major developments for OCS are shown in Figure 
24. This is by no means the end of IEPA's developmental process in 
toxicology. We-have a very good nucleus of a staff, who are very hard-working 
and dedicated. Finally, we rely a lot on other people. We've worked a 
lot with HWRIC. We've worked with people at the Institute for 
Environmental Studies, such as Dr. Plewa. We've worked with and hope to work 
more with Dr. Lower at the Trace Elements Research Laboratory at the 
University of Missouri. We have received help from many of the USEPA 
laboratories, including Duluth, Atlanta, Corvallis and RTP. I've also 
called on many of the toxicologists in this room at various times to help us 
with various problems with which we are dealing. We'll continue to do 
that because we cannot duplicate all the expertise we need. I thank you 
very much for your time and attention. 
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Figure 23 
I. TRAINING 
ILLINOIS WORKER RIGHT-TO-KNOW 
HAZARDOUS-WASTE SITE WORKERS 
ADDITIONAL ASPECTS OF SAMPLING AND WORKING ON A CHEMICAL SITE 
II. MEDICAL MONITORING 
SOUTHERN ILLINOIS UNIVERSITY 
STILL DEVELOPMENTAL 
HOW LONG STORE INFORMATION 
ABILITY TO REQUIRE 
CIRCUMSTANCES UNDER WHICH TO CHANGE JOB ASSIGNMENTS 
III. SITE SAFETY AUDITS 
APPROXIMATELY l/WEEK 
ROUTE REPORTS 
WILL INCREASE AUDITS TO AROUND 2/WEEK 
EXPAND TO INCLUDE AIR SAMPLING TO DETERMINE ACTUAL EMPLOYEE 
EXPOSURES ON SITE 
IV. RECORD MAINTENANCE DEVELOPMENT 
V. SITE SAFETY IMPLEMENTATION PROGRAM ON CLEANUP SITES 
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Figure 24 
HISTORY OF OCS 
1982 -1984 AGENDA DEVELOPMENT 
1984 - 1987 DEVELOP INDUSTRIAL HYGIENE PROGRAM 
1984 - CURRENT SPECIAL PROJECTS 
- CHEMICAL SAFETY AGENDA 
- CHEMICAL SAFETY TASK FORCE 
- CHEMICAL SAFETY RESEARCH INITIATIVE 
- CHICAGO HEALTH AND MEDICINE POLICY GROUP 
- RADON TASK FORCE 
- CITIZEN RIGHT TO KNOW 
- NATIONAL GOVERNOR'S ASSOCIATION 
- NATIONAL DIOXIN STRATEGY 
- ASBESTOS ABATEMENT COUNCIL 
- REGISTRY COUNCIL 
- COT/CROPA 
1984 - 1987 
1986 - 1988 
DEVELOP BIOASSAY LABORATORY 
DEVELOP AND INSTITUTE RISK ASSESSMENT/RISK MANAGEMENT 
PROCEDURES 
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ABSTRACT 
The number of toxic substances liberated into the environment either 
accidentally or deliberately is estimated to exceed 60,000. New industrial 
compounds with potentially hazardous properties are being added at the rate of 
500-700 per year. The past history of environmental toxicology indicates that 
significant ecosystem effects can develop from the presence of a variety of 
micropollutants once believed to be wholly innocuous, e.g. DDT, PCBs, EDB, 
DBCP, aldrin, dieldrin, chlordane, heptachlor, toxaphene, mirex, chlordecone, 
aldicarb, alachlor and leptophos. Obviously laboratory evaluation in model 
ecosystems is essential to secure early warnings about environmental hazards. 
Model ecosystem evaluation can range from simple to complex but must be 
based on knowledge of the physio-chemical properties of the pollutants and 
upon ecosystem structure. The factors involved will be briefly reviewed and 
the "early warning potential" of model ecosystems will be illustrated. 
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Toxicity Evaluations for Ecosystem Effects of Toxic Materials 
Dr. Robert Metcalf 
Introduction 
The inventiveness of the organic chemical industry and its exponential 
growth are the major factors in our increasing awareness and concern about the 
ecosystem effects of toxic materials. The rapid proliferation of organic 
chemicals of all descriptions can be gauged by the listings in the "Merck 
Index". The first edition (1889) "containing a summary of whatever chemical 
products are today adjudged as being useful in either medicine, or technology" 
listed 828 organic chemicals. The tenth edition (1983) catalogues 
approximately 10,000. The U.S. Environmental Protection Agency estimates that 
there are approximately 60,000 chemicals liberated into the environment either 
accidentally or purposefully, and it has been suggested that 500-700 new 
organic chemicals are produced each year on a scale large enough so that 
traces 'of them enter directly into the environment (Lee 1964). The NIOSH 
Toxic Substances List (1973) contained 25,000 chemicals. These organic 
chemicals have almost endless uses as intermediates in synthesis, fuels, 
elastomers, plasticizers, brighteners, rubber chemicals, paints, lacquers, 
solvents, fibers, detergents, fuel additives, pharmaceuticals and pesticides. 
These chemicals enter the environment accidentally from industrial effluents, 
household applications or as by-products of transportation; or purposefully 
from applications of pesticides, preservatives and protective coatings. 
Exponential growth is demonstrated by organic chemica~ production in the 
United States, which9ranged from 10 billion lb. (4.5 x 10 kg) in 1943 to 140 billion lb. (64 x 10 kg) in 1972; increasing at about 9% per year (doubling 
time 8 years). The 1972 production was equivalent to 676 lb. (307 kg) per 
capita in the U.S. 
These chemicals are microchemical pollutants (WHO 1963) and contaminate 
the aquatic environment in the range of parts per trillion (ppt) to parts per 
billion (ppb). Microchemical pollutants have the following properties: 
1. They are detectable only by sophisticated chemical techniques (e.g. 
gas-chromatography/mass spectrometry). 
2. They may be bioconcentrated from 105 to 107_ fold from water into 
living organisms. 
3. They may be carried into the human food supply through concentration 
in the organisms of the trophic web. 
4. These chemica.ls may be harmless, toxic, mutagenic, carcinogenic or 
teratogenic. 
The toxicological.effects from microchemical pollution are not 
determine. Reliance on observations of real-iife phenomena ig 
unsatisfactory. DDT was used for 28 years and an estimated 4.4 x 10 
112 
easy to 
notably 
lb. (2.0 
x 109 kg) were liberated into the environment before widespread evidence of 
its bioaccumulation and that of its degradation produced DDE resulted in 
termination of its registration by the USEPA in 1973 (Metcalf 1976). The 
polychlorinated biphenyls (PCBs) were widely utilized for 35 years, w~th a 
cumulative production in. the U.S. of about 1.3 billion lb. (5.8 x 10 kg) 
before widespread evidence of their bioaccumulation and toxicity resulted in 
discontinuation of prod1jction in 1977 (N~S 1979). Vinyl chloride (U.S. 
production was 5.6 x 10 lb. or 2.5 x 10 kg in 1974) was produced for 40 
years before it was discovered to be a carcinogen (Malton~ and Lefemine 1985). Phthalate ester plasticizers (U.S. production was 1 x 10 lb. or 4.5 x 10 kg 
in 1970) were produced for 30 years before they were found to be teratogens 
(Singh, et al., 1973). Ethylene dibromide has been produced at the rate of 
more than 100 million lb. per year for at least 40 years and used widely as a 
gasoline additive and soil fumigant. Although it was demonstrated to be a 
potent carcinogen in 1975, the general use of EDB was not regulated by EPA 
until 1983, following its demonstration as a ubiquitous contaminant of ground 
water, cereals and packaged foods. 
Efforts to define the hazards of microchemical pollutants in drinking 
water and to determine safe levels have been underway in the United States 
since the Safe Drinking Water Act of 1974. A massive study by the National 
. Academy of Sciences (1977), "Drinking Water and Health", attempted to define 
acceptable daily intake values for some 200 widely used pesticides and 
industrial chemicals. For most of these it was concluded that the available 
toxicological database was inadequate to permit the development of adequate 
regulatory proposals, and only a very few have been officially implemented by 
EPA. 
Model Ecosystems as Early Warning Monitors 
From the foregoing, it should be evident that reliance on the "school of 
hard knocks" is not adequate to cope with the exponentially increasing 
problems caused by the presence of toxic substances in the environment. The 
only feasible way to avoid ecocatastrophies such as those experienced globally 
with PCBs in the James River and Chesapeake Bay with chlordecone, in 
Michigan's dairy industry with the po1ybrominated'biphenyls (PCBs) and in 
Mississippi's broiler chickens with dieldrin in soybean feedstuffs is through 
the use of simple early warning technology. Such technology should be 
applicable on a laboratory scale and should give quantitatively-precise 
answers about the environmental fate and toxic effects of the candidate 
pollutant to a variety of key organisms. 
Use of radiolabeled model pollutants. The great majority of the complex 
problems of the degradative fate of toxic substances and their environmental 
interactions with living organisms cannot be solved without the use of 
radiolabeling and radiochemical techniques. Radiolabeled compounds are 
expensive, and there are increasing restrictions on their use as environmental 
pollutants. Thus some sort of model system in which minimal quantities of the 
radiolabeled pollutant can be conf.in~d and exposed to environmental conditions 
of light, temperature, moisture, soil, plant life and a variety of animal food 
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chains, is imperative to the successful use of the informative radio tracer 
methodology. Such model systems can be as simple as cultures of bacteria and 
algae or fish in flasks of water (Metcalf 1977a). However, each molecule of 
radiolabeled compound contains its own intrinsic analytical detector and, for 
optimum inform~tion, it is generally useful to use the radiolabeled pollutant 
in a model system sufficiently complex to provide a variety of information 
about degradative pathways, absorption, translocation, bioconcentration, food 
chain transfer, detoxication mechanisms and comparative pharmacology. 
Operation of model ecosystems. There is no such thing as a standard 
model ecosystem any more than there is a standard environment, and carefully 
conducted studies of contaminants in any microcosm can yield useful 
information about their effects on environmental quality. Potential areas of 
usefulness for such model ecosystems include: (a) chemical degradation 
pathways in the .environment (i.e. the chemical and biochemical transformations 
that occur in air, water, soil and in a variety of living organisms);. (b) fate 
of chemicals in the environment (i.e. transport, distribution and accumulation 
in various organisms); (c) toxicological effects of chemicals in the 
environment and the effects of th~ir transformation products on the organisms 
of the model system (i.e. the identification of potentially hazardous 
chemicals); (d) evaluation of fate of chemicals after various modes of 
application' and entry into the environment (i.e. directly to water, to air, to 
various soil types, on plant or seed or organisms); (e) behavioral effects on 
organisms, especially in food chains (e.g. predatorism, feeding behavior, 
mating); (f) identification and quantification of ecosystem processes (e.g. 
correlation of physical-chemical parameters of chemicals with bioaccumulation 
and degradation); (g) evaluation of ~he interactions between chemicals in the 
environment (e.g. insecticide and synergist, insecticide and herbicide, 
qualitatively); (h) evaluation of biochemical mechanisms involved in 
comparative toxicology in a variety of organisms; and (i) screening of a 
variety of analogues or derivatives of a potential new product to determine 
their relative environmental behavior and safety (Metcalf 1977a). 
The essence of model ecosystem evaluations is comparative, both (a) among 
ecological, behavioral, toxicologic and degradative processes in organisms of 
different phyla, class and order; and (b) between a wide range of contaminants 
or pollutants in which environmental effects can be related to 
physical-chemical properties. If the model ecosystem behavior of a variety of 
organic compounds is compared to that of such widely researched pollutants as 
DDT, dieldrin and the PCBs, it is possible to make meaningful judgments 
regarding the ultimate environmental fate of new compounds that have not yet 
been produced commercially or about older compounds whose real world fate has 
not yet been investigated. 
Terrestrial-aquatic model ecosystem. This nearly warningn device ha~ been 
used in our laboratory for over 20 years to evaluate the environmental fate of 
more than 200 real and potential environmental pollutants (Metcalf 1974, 
1977a). It was devised to study the transfer of pesticides from crops to 
lake, e.g. from field to farm pond, and to evaluate the degradation and fate 
and food chain transfer in a variety of organisms. Physically the system 
consists of a 10 gallon glass aquarium with a sloping shelf of 15 kg of pure 
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white sand that provides a terrestrial portion and an aquatic portion bisected 
by a "lake" of 7 liters of standard reference water. The terrestrial portion 
provides a farm for growth of crops such as sorghum and rice, and the aquatic 
portion contains the array of organisms: plankton, alga (Oedogonium 
cardiacium), daphnia (Daphnia magna), snail (Physa), mosquito larva (Culex 
pipiens) and fish (Gambusia affinis). In operation the model system is placed 
in an environmental plant growth chamber operated under standard conditions of 
temperature and daylight for 30 days. Radiolabeled chemicals for 
investigation are applied at realistic dosages to the sand or to the crop and 
their distribution followed through the living and non-living components of 
the system. Salt marsh caterpillars CEstigmene acrea) are added to consume 
the residues on the treated plants and thus to aid in the distribution of the 
contaminant. After the 30 day period of exposure, the sand, water, plant 
tissues and organisms are extracted with organic solvents, and the extracts 
are evalup.ted quantitatively and qualitatively by thin-layer chromatography 
and radiochemical assay. The data are then assembled into standard balance 
sheets that show the total amounts of radiolabeled products in each of the 
components and the range of degradation products found.. Identifications of 
these are made by comparison with known chemical products, mass spectrometry, 
etc. 
I~ a number of cases, the model ecosystem has predicted environmental 
consequences which have subsequently occurred in field use of the chemicals. 
For example: 
1. Pentachlorophenol (PCP) was found to be metabolized to 
tetrachloroanisole as a terminal residue (Lu, et al. , 1978). 
Bioaccumulation of this metabolite has been seen in Japan in rice 
paddies when PCP was used as a fungicide. 
2. The diphenyl ether herbicides such as nitro fen were found to be 
highly persistent, and persisting residues of these compounds have 
been found in Japanese rice paddies (Lee, et al., 1976). 
3. Chlordene epoxide was identified from model ecosystem evaluations as 
a persistent bioaccumulative "degradation product" from application 
of heptachlor (Lu, et a1., 1975) . Subsequently, the FDA, alerted by 
this study, identified chlordene epoxide as an accumulated pollutant 
of Mississippi River fish. 
4. A model ecosystem investigation of the new insect growth regulator 
diflubenzuron indicated the persistence of this compound and 
identified the spectrum of degradation products (Metcalf, et al., 
1975). 
5. Endrin was found in model ecosystem study to be a bioaccumulative 
pesticide of extraordinary persistence and toxicity tD fish. This 
required extending the duration of the model ecosystem to more than 
60 days before fish could survive (Metcalf and Sanborn, 1975). 
These results were mirrored in the massive fish kills of the 
Mississippi River which were traced to endrin residues. 
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Many of the examples of potential "early warning" can be cited. The 
terrestrial-aquatic model ecosystem has been used in an extensive study of the 
biodegradability of DDT analogues. From these studies (Kapoor, et al., 1970, 
1972), methoxy (CH30) and methyl (CH3 ) groups on the aryl rings of the DDT-type molecule were identified as degradophores acting as substrates for 
mixed function oxidase enzymes (MFO) of living organisms. These degradophores 
can be converted by MFO enzymes to phenolic (OH) and carboxylic (COOH) 
derivatives that promote water solubility and excretion of the molecules 
rather than bioaccumulation as with the non-biodegradable DDT where the aryl 
chlorines are not attacked by the MFO enzymes. The model ecosystem data 
demonstrating environmental biodegradability were an important part of patent 
application for a series of biodegradable DDT analogues (Metcalf, et al., 
1972, 1974). 
Physical-Chemical Models 
The accumulation of a large body of data, secured under uniform 
laboratory conditions by model ecosystem technology, makes it possible to 
examine possible correlations between basic physical-chemical parameters of 
xenobiotic compounds and such fundamental environmental properties as 
bioaccumulation and biodegradation. The more than 200 model ecosystem 
evaluations of various organic pollutants made in this laboratory (Metcalf and 
Sanborn, 1975, Metcalf, 1977a, Francis and Metcalf, 1981, and unpublished) 
provide a unique body of data about bioaccumulation in fish and snail, for 
example, for such a study. 
The ability of organisms in aquatic systems to bioaccumulate xenobiotic 
compounds is determined by the net results of the processes of absorption, 
metabolism and excretion. The rate of bioaccumulation with time can be 
approximated by the differential equation: 
dC 
o 
C k 
e a 
dt V 
k C 
c 0 
where the assumptions are made that the aquatic organism is represented by a 
single homogenous compartment of constant size V (organism mass or volume), 
the xenobiotio is absorbed at a constant zero rate k, determined by the 
lipid/water partition coefficient from the aquatic en~ironment contaminated 
at a constant level C. Then the concentration in the organism C can be 
determined by the firsteorder rate constant k that measures clearange through 
degradation, elimination and "growth dilution~ (Metcalf, 1977b). 
Octanol/water partition coefficient. This parameter is definitive in 
determining the rate of bioaccurnulation. For 72 xenobiotic compounds, mostly 
pesticides, evaluated in our laboratory model eco'system; the correlation 
between the log octanol/water partition and the log biomagnification in fish 
or snail was r = 0.75, P = 0.001 (Metcalf, et al., 1975, Lu and Metcalf, 
1975). Therefore it is concluded that the octanol/water partition coefficient 
can serve as a very useful first approximation of the relative propensity of 
organic xenobiotics for bioaccumulation. 
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Water solubility. For organic compounds there is an inverse relationship 
between water solubility and bioconcentration (Metcalf and Sanborn, 1975). 
For 38 organic compounds, mostly pesticides, the correlation between log water 
solubility and log bioconcentration in the fish from model ecosystem studies 
was r = -0.76, P = 0.001. These data reflect the general lipid solubility of 
organic compounds and it appears that water insolubility can also be used for 
an initial approximation of the propensity of organic compounds to biomagnify 
(Metcalf, 1977a). 
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Direct Phytoassay for Toxicity Testing of Hazardous Wastes 
Dr. Wun-Cheng Wang, Professional Scientist 
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ABSTRACT 
This discussion is intended to be an overview of toxicity assessment of 
hazardous wastes, contaminated sediments, etc. The primary focus will be on 
terrestrial environments. 
Toxicity tests as they stand now encompass a variety of methods from the 
molecular level' all the way up the complexity scale to the community level. 
The most popular mode of testing is the whole organism. Mu1tispecies tests 
have lately been promoted vigorously. 
For the aquatic environment, the toxicity tests have generally relied on 
algae, fish and daphnid as the test species. For the terrestrial environment, 
the tests include root e1ongatlon and insect fruit fly. The . U. S. 
Environmental Protection Agency and the Organization of Economic Cooperation 
and Development have recommended five plant seeds for terrestrial biological 
tests, namely cucumber, lettuce, radish, red clover and wheat. Millet is 
common in the Illinois River Valley. The results of millet root elongation 
tests compared favorably with that of cucumber and lettuce tests. 
Duckweed generally refers to a member of the family Lemnaceae. It is a 
widespread, free-floating aquatic plant. There has been some opinion 
indicating that cownon duckweed was not sensitive to toxicity. Experimental 
results, on the contrary, showed that duckweed compared favorably with fish, 
without exception. A particularly attractive feature of duckweed toxicity 
tests is their capability to detect herbicide toxicity. 
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Direct Phytoassay for Toxicity Assessment of Hazardous Waste 
Dr. Wun-cheng Wang 
This discussion is intended to be an overview of toxicity assessment of 
hazardous wastes, contaminated sediments and the like. The primary focus will 
be on terrestrial environments. 
Toxicity tests as they stand now encompass a variety of methods from the 
molecular level all the way up the complexity scale to the community level. 
The most popular mode of testing is the whole organism. Multispecies tests 
have lately been promoted vigorously. 
For the aquatic environment, the toxicity tests have generally relied on 
algae, fish and daphnid as the test species. For the terrestrial environment, 
the 'tests include root elongation and insect fruit fly. The U.S. 
Environmental Protection Agency and the Organization of Economic Cooperation 
and Development have recommended five plant seeds for terrestrial biological 
tests, namely cucumber, lettuce, radish, red clover and wheat. Millet is 
common in the Illinois River Valley. The results of millet root elongation 
tests compared favorably with that of cucumber and lettuce tests. 
Duckweed generally refers to a member of the family Lemnaceae. It is a 
widespread, free-floating aquatic plant. There has been some opinion 
indicating that common duckweed was not sensitive to toxicity. Experimental 
results, on the contrary, showed that duckweed compared favorably with fish, 
without exception. A particular attractive feature of duckweed toxicity tests 
is their capability to detect herbicide toxicity. 
The definition of hazardous is "involving risk". In the environment, a 
hazardous waste can cause a variety of responses, including death of a 
species, permanent or temporary injuries, carcinogenicity, mutagenicity or 
teratogenicity. Some people place more weight on the first two 
above-mentioned environmental hazards, while others view the last three as po-
tentially more dangerous. The divergent viewpoints are perhaps caused by dif-
ferent perspectives. 
Methods of toxicity testing have relied primarily on fish, either 
freshwater or seawater. In recent years, the scope of toxicity tests has been 
vastly enlarged and now a battery of tests is available. These range from 
tests at the molecular level: to those at the cell, tissue and organism 
levels; up to tests at the multispecies, population and community levels. Of 
this spectrum of test methods, the mid-level (using the whole organism as the 
test specimen), remains the most popular mode of testing. 
In recent years, Cairns (1984) has been the most forceful advocate for 
using multispecies toxicity tests. These tests are intended to compensate for 
the deficiency of single-species tests: the lack of species interaction and 
energy flow. There are, however, many questions that remain to be answered as 
to the usefulness of mUltispecies tests (Cairns, 1985). 
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Aquatic vs. Terrestrial Tests 
The toxicity tests for aquatic and terrestrial environments are vastly 
different. For example, many aquatic organisms have been incorporated in 
Standard Methods (1985), includin~ phytoplankton, zooplankton, corals, 
annelids, crustaceans, insects, molluska and fish. For freshwater fish alone, 
there are 41 species suggested; the largest selection is salmonidae. 
Both aquatic and terrestrial bioassay tests have been studied with 
various test samples. For example, aquatic tests are best suited for liquid 
samples. However, there are also aquatic tests for solid and slurry samples 
(Table 1). The test procedure EPTOX (Extraction Procedure Toxicity Test) 
relies on the extraction of the water soluble fraction of toxic substances and 
subsequently on biological toxicity tests. The most thorough leaching and 
toxicity study on EPTOX is perhaps. the Oak Ridge proj ect (Epler, et al., 
1980) . The researchers studied EPTOX on 17 industrial wastes using a variety 
of extraction procedures and tested the extractants using daphnids and algal 
species. These results are rather variable. The most recent development is a 
new version called Toxicity Characteristics Leaching P~ocedure (TCLP). 
Brief summaries of aquatic and terrestrial bioassay characteristics are 
given in Tables 2 and 3. The test species which are recommended in aquatic 
tests include fathead minnow, daphnid and Selenastrum. The endpoints of the 
tests are either mortality or growth inhibition. Liquid samples can be tested 
without modification, while solid samples usually go through an extraction 
procedure (EP or the new version TCLP) . 
Three test methods are mentioned for terrestrial ecological effect 
bioassays: plant stress ethylene tests, root elongation tests and insect tests 
using fruit flies. For root elongation tests, both the U.S. Environmental 
Protection Agency (USEPA) and the Organization of Economic Cooperation and 
Development (OECD) recommend seeds of five plants: 
l. Cucumber (hybrid Spartan valor) 
2. Lettuce (butter crunch) 
3. Radish (cherry belle) 
4. Red clover (Kenland) 
5. Wheat (Stephens) 
The selection of these five seeds is based on economic importance, family 
size, distribution and abundance (Ratsch, 1983). 
In general, dry seeds represent a dormant period featuring a low rate of 
metabolism. Once hydrated, plant seeds exhibit distinct activities including 
increase in respiratory rate, breakdown of reserve materials, transpdrtof ma-
terials and synthesis of new materials (Mayer and Poljakoff-Mayer, 1982). It 
is conceivable that during these chains of . rapid reactions, environmental 
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Table 1 
TEST SAMPLES/BIOASSAY COMPATIBILITIES 
Ecological Effects Bioassays 
Aquatic Terrestrial Tests 
Samples Tests PSE RE IT 
l. Gas/Vapor NC R NC B 
2. Liquids 
A. Aqueous R B R R 
B. Nonaqueous A B A R 
3. Solids and Slurries 
A. Soluble R B R R 
B. Insoluble R B R R 
NC - not compatible 
R - recommended 
A - compatible without modification 
B - compatible with modification 
(Brusick and Young, 1981) 
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Table 2 
CHARACTERISTICS OF LEVEL 1 AQUATIC ECOLOGICAL EFFECTS 
Characteristics 
Species 
Endpoint 
Samples 
Results 
Features 
Bioassays 
Fathead minnows 
Daphnia 
Lethality 
Liquids, solids (leachates) 
LD50 
Whole-animal effect 
(Brusick and Young, 1981) 
CHARACTERISTICS 
Species 
Endpoint 
Samples 
Data 
Table 3 
CHARACTERISTICS OF LEVEL 1 TERRESTRIAL 
ECOLOGICAL EFFECTS BIOASSAYS 
PLANT STRESS 
ETHYLENE TEST ROOT ELONGATION 
Bush Bean Cucumber, lettuce, 
radish, red clover 
wheat 
Ethylene production Root length 
Gases, liquids Liquids, solids 
Positive or negative EC50 
Selenastrum 
Growth inhibition 
Liquids, solids 
(leachates) 
EC50 
Aquatic primary 
producers 
INSECT 
TOXICITY TEST 
Drosophila 
melanogaster 
Lethality 
Liquids, solids 
LD50 
Features Validated for gases Terrestrial producers Terrestrial 
consumer 
(Brusick and Young, 1981) 
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toxicity may interfere and disrupt some key reactions, 
developmental processes. The simple, non-destructive 
adverse effects is root length measurement. 
inhibiting the normal 
method of quantifying 
Millet has been widely distributed in the Illinois River Valley 
(Bellrose, et al., 1979). The wild species as well as the cultivated species 
managed by various duck clubs are an important food for migratory waterfowl 
(Bellrose, et al., 1979). This makes millet an interesting and relevant test 
species in the State of Illinois. 
Millet Root Elongation Test 
The methodology of the millet root elongation test has been 
(Wang, 1985A, 1985B). The size of millet seeds are very uniform. 
controlled environment, the germination rate was better than 90%, 
root elongation showed a rather high v,ariation, 60%, as expressed 
coefficient variation. 
reported 
Under a 
although 
in the 
As mentioned previously, USEPA and OECD both recommend five plant seeds 
for terrestrial bioassays. It is thus of great interest to compare millet 
seeds with these test species recommended at the national and international 
institutions. Experiments were conducted simultaneously using millet, 
cucumber and lettuce. Phenol, 2-chlorophenol, 2, 4-dichlorophenol, and 2, 4, 
6-trichlorophenol were tested. The results for cucumber and lettuce seeds are 
rather irregular and unpredictable, while those for millet exhibit curvilinear 
relations (Fig. 1). -
The results of millet tests are highly predictable (Fig. 2). More 
interestingly, an excellent correlation exists between the EC50 (50% effect 
concentration) of phenolic compounds determined by using the millet root 
elongation method and the molecular weights of these compounds. 
where Y 
X 
6907 x 10-0.22X 
0.9988 
EC50 values, mg/L, and 
molecular weights, in atomic mass unit. 
This relationship clearly demonstrates the potential of using the millet 
root elongation method for investigating structure-activity relationships 
(SAR) , Fig.3. The results of fish bioassays using the fathead minnow show few 
meaningful relationships. 
The millet root elongation method has also been used to conduct heavy 
metal toxicity studies. The experimental r~sults clearly show that the millet 
root elongation test is comparable with the fish mortality test (Table 4). 
Duckweed Test 
Duckweed generally refers to members of the family Lemnaceae. 
about 40 species _worldwide in four well-defined genera. About 
species occur in the United States. 
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Table 4 
COMPARATIVE METAL TOXICITY TO DIFFERENT 
TEST SPECIES, ALL IN MG/L 
Ba 
Cd 
Cr (VI) 
Cu 
Mn (II) 
Ni 
Zn 
1. Wange (1986) 
1 Duckweed 
96h EC50 
26 
0.2 
35 
l.l 
31 
0.45 
10 
2. Spehar, et al,", (1982) 
3. Wang and Elseth (in preparation) 
Fish2 
96h LC50 
0.92 
58.5 
0.08-1.2 (3 sp.) 
13.6-48.8 (4 sp.) 
0.4-55 (6 sp.) 
Millet3 
l20h EC50 
250 
8.6 
15 
l.9 
72 
4.4 
46-64 
Duckweed is a widespread, free-floating aquatic plant, found in both 
tropical and temperate zones. It is a food for waterfowl and small animals 
and provides food, shelter, and shade for fish. The plant also serves as a 
physical support for a variety of small invertebrates. It is fast growing and 
reproduces rapidly compared with other vascular plants. "Under conditions 
favorable for its growth, it can mUltiply quickly and form a dense mat in 
lakes, ponds and canals, primarily in fresh water, but also in estuaries. It 
also grows well in effluents of wastewater treatment plants. 
There are differing oplnlons 
usefulness of common duckweed as 
Moolenaar, 1979). Most evidence, 
appropriate test organism (Fekete, 
Hutchinson and Czyrska, 1975). 
regarding the sensitivity as well as 
a toxicity test specimen (Kenaga and 
however, indicates that duckweed is an 
et a1., 1976; Nasu and Kugimoto, 1981; 
In a recent paper, the author compared toxicity test results using fish 
and common duckweed (wang, 1986). In tests of seven heavy metals, duckweed 
.compared favorably with fish without exception (Table 4). 
One particularly attractive feature of duckweed toxicity "tests is "that 
they permit detection of herbicide toxicity. Herbicides are widely used by 
farmers, home owners and sometimes conservation personnel. Plants are usually 
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3 to 4 orders of magnitude more sensitive to herbicide toxicity than are 
animals (Bishop and Perry, 1981). An especially interesting phenomenon is 
that most organic herbicide compounds are hydrophobic and tend to concentrate 
at the air-surface interface (Wu, et al., 1980). The combination of these two 
factors makes duckweed an ideal test organism for detection of herbicide 
toxicity. 
Laws of Environmental Toxicology 
Environmental toxicology has been under rapid development in recent 
years. Two important laws have special impact on this development: The 1976 
Toxic Substance Control Act and the 1972 Water Pollution Control Act and its 
1977 amendment. 
After many years of environmental toxicological studies, Macek (1982) 
noted' that there had been "an incredible increase in data but virtually no 
increase in knowledge". This may be an overly pessimistic viewpoint. 
Throughout these studies, four basic laws of environmental toxicology have 
clearly emerged: 
1. First Law: 
2. Second Law: 
3. Third Law: 
4. Fourth Law: 
Summary 
The objective 
environmental hazard 
may play in it. 
"Any chemical can be toxic; 
quantity," 
The question is 
"Toxicity is not a constant; It depends on the 
individual organism." 
"Toxicity is not a constant; It can be potentiated or 
attenuated under various environmental conditions." 
"Toxicity 
tolerance 
tions". 
is not a constant; 
if pre-exposed to 
Organism may develop 
sublethal concentra-
of this discussion is to pYesent an 
assessment, particularly the useful role 
overview of 
phytotoxicity 
Phytotoxicity (root elongation test) has a special role in assessment of 
solid phase samples, hazardous waste material, contaminated sediment, etc. 
This method has two distinct advantages. First, a plant seed is a complete 
biological entity and requires no special treatment. Once oxygen and water 
are available, viable seeds will devc;::lop.. Second, plant seeds and their root 
elongation can be a useful tool for monitoring toxicity in solid or slurry 
samples. Similarly, duckweed can also be used for detecting phytotoxicity in 
slurry samples. 
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ABSTRACT 
Lake sediments have long been regarded as sinks for pollutants. 
Concentrations of heavy metals and organic contaminants in sediments are often 
several orders of magnitude higher than in overlying wate.rs, which lends 
support to this view. It cannot, however, be safely concluded that once toxic 
materials have reached the sediments they present no further hazard. 
Bioturbation, bioaccumulation and human activities such as construction and 
navigational dredging have been recognized as mechanisms for the recycling of 
sediment-associated pollutants, but recent theoretical, laboratory and 
ecosystem research suggests that much of the release to water and atmosphere 
may result from purely physical processes. In this context, it' is important 
that we develop effective methods to assess toxic effects to aquatic 
ecosytems. 
The USEPA/COE standard e1utriate . test, developed as a model for 
resuspension during dredging and dredge-spoil disposal, has been criticized as 
inefficient or unrealistic in the amounts of contaminants that are liberated. 
Chemical extraction procedures may err in the other direction, overestimating 
potential release to the environment. Bulk sediment tests, model ecosystems 
and in situ time-course experiments are alternative approaches. Whatever 
exposure route is chosen, the choice of test organisms still must be made. 
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Toxicity bioassays using single organisms were formerly the most common 
assessment method, but it is now commonly agreed that no one species can 
accurately predict ecosystem-level effects. A suite of bioassays using 
organisms from several levels of organization is now preferred by many 
researchers, and there is an increasing trend toward the use of 
microorganisms. 
Sediment-associated contaminants seldom occur in isolation. Usually 
several pollutants are involved, and it is often ~ifficult to conclude that a 
particular element or compound is responsible for observed effects. 
Multivariate analysis and chemical fractionation are both promising avenues 
toward a solution to this problem. 
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Ecotoxicology for Illinois 
Dr. Philippe Ross 
Introduction 
The object of my talk this afternoon is to give you my opinion on four 
questions: 
1. Why are ecotoxico1ogists interested in lake sediments? 
2. What methods do they use to study them? 
3. What are the major shortcomings of our methods? 
4. What are the implications of lake sediment contamination for 
Illinois? 
Wherever possible, experimental results will be used to support my 
opinions. 
The Interest in Lake Sediments 
Lake sediments have long been used as records of past occurrences, often 
allowing us to compare the present situation with historic conditions. Table 
1 shows metal concentrations for recent (10 cm) and pre-colonial sedi~ents of 
Lake Ontario. While cobalt and vanadium exhibit virtually no change, lead, 
zinc and mercury have risen dramatically. The difference can be reasonably 
attributed to the influence of industrialized society. Data from synthetic 
organic compounds are even more striking, since they did not exist until 
recently. 
Recent 
Table 1 
Metal concentrations (mg per kg, or ppm) in recent (10 em) 
and pre-colonial sediments in Lake Ontario. 
Data from Kemp and Thomas (1976). 
Co v Pb Zn Hg 
20-30 66-92 130- 280 350-450 1.30-1.81 
Pre-Colonial 22-29 70-90 19-21 85-95 0.03-0.29 
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Sediments are much less mobile, and therefore less subject to short-term 
variations in current speed, direction and tributary inputs, than the surface 
waters above them. This aspect makes them useful as spatial "fingerprints" of 
long-term trends in surface water chemistry. Figure 1, a map of the 
distribution of mercury in the sediments of Lake St. Louis (St. Lawrence 
River, near Montreal) provides clear evidence that the primary source of the 
metal is a tributary entering the lake from the south. It is unlikely that 
results from water samples would have been as convincing. 
One reason for this is the magnifying effect of sedimentation. Because 
contaminants tend to accumulate in sediments, they are often found at 
concentrations that are orders of magnitude higher than those in the overlying 
waters. Table 2 gives values for some metals in water and surface sediments 
at a sampling station in Lake St. Louis. Trace metals were below detection 
limits in water, but present in measurable amounts in sediments. Levels of 
major metals, while detectable in water, were three to six orders of magnitude 
higher in sediment samples. It is thus much simpler to detect the presence of 
pollutants in bottom samples than in surface water samples. 
Water 
Table 2 
Concentrations of selected metals in surface waters (mg per L, or ppm) 
and recent sediments (mg per kg, or ppm) at station E-3 
in Lake St. Louis (St. Lawrence River near Montreal) 
nd = below detection limit of 0.01 mg per kg 
Data are from Jarry, et al., (1985) 
Ni Co Cr Zn Mn Na Mg Fe 
nd nd nd nd nd 10 5 0.02 
Sediment 62 26 160 570 1500 20600 47000 77000 
While the foregoing logistic advantages help make sediments a convenient 
medium for the study of pollution in the aquatic environment, a great deal of 
research in the last 15 years has been focused on the ecological hazard of 
sediment-associated pollutants. For several decades the prevailing conception 
was that sediments act as sinks for contaminants, presenting little or no risk 
to the ecosystem. It is, however, now evident that there are several 
mechanisms by which these contaminants can be recycled. These include: 
1. Incorporation into the tissues of benthic organisms. 
organisms may then migrate to other zones of the ecosystem, 
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Figure 1. SYMAP 'projection of Lake St. Louis showing distribution of 
mercury concentrations at 39 sediment sampling stations. The 
total range of values is divided into 7- equal class intervals. 
The histogram shows the range and frequency for each interval. 
Taken from Jarry et al.(1985) • 
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consumed by bottom-feeders, possibly leading to magnification in 
food chains, tainted fish, and human health problems. 
2. Resuspension by biological mixing and by turbulence due to currents, 
seiches, \Vave action and the passage of boats. 
3. Relocation and deposition of dredge spoils from construction, 
maintenance and navigational operations. 
4. Resolubilization caused by changes in pore water oxygen tension. 
5. Evaporation. Once a volatile organic compound reaches 
equilibrium between sediment and water phases, the fugacity of 
compound will determine its rate of release into the atmosphere. 
such release occurs, more of the compound will go into solution 
maintain the equilibrium (e.g. Larsson, 1985). 
an 
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Methods of Investigation 
The simplest method is straight chemical analysis of samples. These 
results can be compared with recommended safe levels to· give a crude 
assessment of the hazard associated with the sample. Assessments of this type 
for 39 stations in Lake St. Louis appear in Table 3. Cobalt contamination 
does not seem to be a problem, but chromium exceeds guidelines at all 
stations. 
Table 3 
Comparison of contaminant concentrations (mg per kg) at 39 stati~ns 
in Lake St. Louis with Ontario Ministry of Environment 
norms for dredge spoil disposal 
Data are from Jarry, et al., (1985) 
Contam- # of Range Norm # of stations % 
inant stations 
Ni 39 
Co 39 
Cr 39 
Pb 39 
Zn 39 
Hg 36 
PCBs* 37 
9-99 
5-32 
54-190 
11-71 
24-570 
0.01-4.80 
0.005-0.410 
---
25 
50 
25 
50 
100 
0.30 
0.05 
* Only Aroc1ors 1242, 1254 & 1260 measured. 
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> norm 
21 
0 
39 
12 
27 
12 
26 
54 
o 
100 
31 
69 
33 
70. 
It is also possible 
contaminants at once. 
Here is a fairly typical 
to compare stations by composite rankings for several 
Many indices have been developed for such rankings. 
one: 
k [contam) . 
~ 
i=l norm. 
~ 
I log 
k 
Where k is the number of variables used to calculate the index and 
logarithms are used to provide a symmetrical domain (Jarry, 1986). Figure 2 
shows a projection of this index for 39 stations in Lake St. Louis. Most of 
the lake is characterized by positive values for the index meaning that, on 
the average, concentrations exceed the norms for the variables measured. Two 
zones of serious contamination appear, one near the inflow of a southern 
tributary and another to the north near an industrial park. 
One objection to these purely chemical methods of assessment is that the 
guidelines used for "safe" levels-of pollutants are based on single-chemical 
bioassays. In the real world contaminants seldom occur in isolation. 
Sediments are usually complex mixtures, so that single-chemical test results, 
which ignore synergistic and antagonistic effects, are not suitable as 
criteria for protecting aquatic systems. 
A related problem is that of unknowns. 
substance only when: 
A. We are aware of its existence; 
B. Its chemical structure is known; 
We tend to analyze for a 
C. Methods and means for its analysis are accessible; and 
D. Its presence is suspected. 
Thi's chain of necessary conditions often breaks down at various stages. 
It is quite possible that, when we analyze a mixture, we are ignoring one or 
more of its most dangerous components. 
Biological testing of sediments avoids these difficulties by exposing the 
test organisms to the entire contaminant mixture. The method and route of 
exposure is, however, the subject of much debate. To a certain degree, the 
method used is dictated by the objectives of the study. Test organisms are 
frequently exposed to intact (bulk) sediments when the goal is to simulate the 
benthic environment (bioaccumulation, toxicity to benthos) or to study 
resuspension' or fugacity in undisturbed condition? When the object is to 
simulate turbulent conditions, such as d;redging and dredge--spoil disposal, 
some sort of mixing procedure is used, such as the Standard Elutriate Test 
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Figure 2. SYMAP projection of values for a contamination index 
derived from chemical analyses of 39 sediment samples 
from Lake St. Louis. The total range of values is 
divided into 7 ~Q.ual. class intervals. The frequency 
and value ra~ge"for each interval is shown by the 
histograms. Taken from Jarry (1986) 
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:t.e7 4.40 
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(USEPA/Corps of Engineers, 1977). \Jhen chemical grouping of major toxic 
constituents is desired, more drastic approaches such as extraction with 
powerful solvents (e.g. Samoiloff, et al., 1983) are used. The amounts and 
types of pollutants available to test organisms will vary dramatically 
according to the method chosen. 
The number of bioassay procedures for sediments and sediment extracts has 
grown to a point where the choice can be difficult. From an ecotoxicological 
point of view, the relevance of a test to the system it is supposed to protect 
is an important criterion. For example, the use of a marine organism to test 
freshwater sediments should be discouraged on physiological grounds. 
The once-popular rule-of-thumb; "Use the most sensitive species for 
maximum protection", has lost many advocates in recent years for the very good 
reason that, when dealing with complex mixtures, there is no one species that 
will invariably be the most sensitive. A battery of tests is more likely to 
detect a serious environmental hazard, and multi-species toxicity testing is 
now widely accepted as a more appropriate measure (e.g. Cairns, 1983). In 
Table 4 results of a suite of three bioassays performed on sediment elutriates 
from Lake St. Louis are shown. The test battery includes a eukaryote, a plant 
and an animal, and was designed for varying levels of sensitivity. In a 
hypothetical decision-making situation, a score of three toxic responses might 
be considered as worthy of direct concern, two toxic responses might merit 
further investigation, one response might suggest no immediate action and no 
response thought of as "safe". The sole use of any of the three tests would 
not be adequate for this procedure and could lead to dangerous misconceptions. 
There will always be a compromise between running as many hioassays as we 
would like and choosing protocol that is affordable. 
Laboratory bioassays certainly have their value in screening and 
preliminary hazard evaluation. Even an extended suite of bioassays can, 
however, be quite properly criticized as not adequately reflecting the 
complexity of an ecosystem and therefore as being incapable of predicting 
ecological impacts of contaminant releases from sediments. There is a 
recognized need to develop ecosystem-level approaches to deal with this 
problem. Microcosms have been suggested as one possible solution, but have 
been criticized as being too simple .. Mesocosms are another step toward the 
ultimate realism, but sampling and replication become expensive at this scale. 
One promising avenue out of this dilemma is the use of in situ, 
community-level bioassays using artificial containers or substrates (e.g. 
Henebry & Cairns, 1980). In our current work we are using a combination of 
two approaches: a battery of four bioassays and an in situ community test. 
Implications for Illinois 
l.Jithin the state of Illinois, environmental problems of contaminated lake 
sediments can be divided into two groups.. The first concerns small lakes and 
reservoirs that have been polluted by long-term industrial activity (e.g. Crab 
Orchard Lake). As our reservoirs begin to fill up from siltation, such 
problems are likely to mUltiply. 
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n = 21 
Table 4 
Results of three bioassays on elutriates from Lake St. Louis 
(St. Lawrence River) sediment samples. 
The assays were the Microtox test (Photobacterium phosphorium), 
the algal photosynthesis bioassay (Selenastrum capricornutum), 
and the nematode test (Panagrellus redivivus). 
X = toxic response, 0 = no response 
Station Microtox Algal Nematode Score 
A-l X X 0 2 
A-2 X X 0 2 
A-4 X X 0 2 
B-2 0 X X 2 
B-3 X X X 3 
C-3 X X 0 2 
C-4 X 0 0 1 
D-3 X X X 3 
D-4 X 0 X 2 
E-2 X X 0 2 
E-3 X X 0 2 
G-l X X 0 2 
G-3 X X 0 2 
G..,4 X 0 0 1 
H-2 X ·X 0 2 
H-3 X X 0 2 
1-1 X X 0 2 
1-2 0 X X 2 
1-3 X X 0 2 
J-l X X 0 2 
J-2 X X 0 2 
# toxic: 19 18 5 
number of stations with 3 toxic responses 2 
number of stations with 2 toxic responses =17 
number of stations with 1 toxic response 2 
number of stations with 0 toxic responses = 0 
The second group of problems concerns our Lake Michigan port· areas. 
Although our share of the Great Lakes shoreline is relatively small, we have 
some of the most critically contaminated sites in the whole basin. We are 
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currently working in Waukegan Harbor, where PCBs in certain areas have been 
the subject of a recent series of litigations. Figure 3 shows toxic responses 
of a nematode to sediment extracts from some of our sampling sites. At a dose 
of only 10%, the extract produces lethal responses at all stations, and 90% 
mortality at one. 
Harbor sediments are an especially sensitive issue because periodic, 
often frequent, dredging is required to maintain navigational access. An 
entire chapter of the 1978 Great Lakes Water Quality Agreement is devoted to 
the subject, which promises to become even more important in the near future. 
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Figure 3. Mortality induced in the nematode, Panagrellus 
redivivus, by exposure to a 10% dose of sediment 
extract from 11 stations (A-K) in Waukegan (IL) 
Harbor. 
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Technical Aspects of the Illinois Environmental Protection Agency's Aquatic 
Toxicological Testing Program 
Mr. James Whitaker, Aquatic Toxicologist 
Office of Chemical Safety 
Illinois Environmental Protection Agency 
Springfield, Illinois 
ABSTRACT 
Biological monitoring of aqueous effluents from industrial and 
municipal facilities has rapidly expanded in recent years. Such testing may 
often be the only means of assessing toxicity, of complex mixtures and is an 
important complement to traditional physiochemical monitoring. A variety 
of different tests have been developed to measure acute and chronic 
effects for organisms representing several trophic levels. 
The Illinois EPA has recently established the Environmental 
. 
Biomonitoring Center (EBC) , which consists of a fixed facility in 
Springfield as well as a mobile laboratory. The initial emphasis of the 
program is on aquatic toxicological testing to survey potential toxicity of 
discharges throughout Illinois. 
The battery of aquatic toxicity tests is largely based upon USEPA's 
guidelines. The primary acute tests are the 96-hour fathead minnow 
(~P~i~m~e~p~h~a~l~e~s~~p~r~o~m~e~l~a~s) and the 48-hour daphnid (Daphnia pulex) bioassays. 
The testing includes both static (in-house) and flo\y through (on-site) 
exposure regimes. Chronic aquatic toxicity tests will also be carried out in 
the EBC. The 96-hour algal (Selanastrum capricornutum) growth test is a very 
versatile bioassay which will provide much useful information from a variety 
of types of sites. Other chronic toxicity tests which are likely to be 
incorporated are the 7-day fathead minnow (P. promelas) larval survival 
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and growth test and the 7-day (~C~e~r~i~o~d~a~p~h~n~l~·a~ __ ~d~u~b~i=a) survival and 
reproduction test. 
Results from effluent toxicity tests may be used to estimate 
potential biological impacts of a discharge in the receiving system. 
Recent validation studies conducted by USEPA have found significant 
correlations between acute and chronic effluent toxicity data and instream 
community responses. 
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Technical Aspects of the Illinois Environmental Protection Agency's 
Aquatic Toxicological Testing Program 
Mr. James Whitaker 
Each day millions of gallons of treated and untreated waste waters are 
discharged into the streams, rivers and lakes of Illinois. The composition 
and the flow of these effluents vary with the source, whether it's a large 
refinery or a small municipal waste water treatment plant. m1atever the 
source, these are all regulated by the National Permit Discharge 
Elimination System (NPDES). Most of these permits have a laundry list 
of chemicals which are known or suspected to be present in the effluent. 
They include short and long term average concentrations that are not to be 
exceeded. These limits are primarily based on toxicological data on 
individual chemicals. These are intended to protect the ecological integ-
rity of the receiving waters of the nation. Of course, some of these lists 
can get to be quite long, including even hundreds of chemicals, some of 
which have no toxicological database at all. There are other problems with 
the chemical specific approach. These include the chemical interactions 
within the discharge itself and potential synergistic and antagonistic 
effects as well as receiving stream characteristics, including pH, total 
suspended solids and hardness. 
For these reasons, biomonitoring, or toxicity testing, is an 
important tool in the assessment of environmental impacts of aqueous 
effluents. Biomonitoring may be def~ned as the assessment of environmental 
quality using living organisms as sensors. Aquatic organisms 
integrate all of the environmental cues impinging upon them,· and they respond 
accordingly. This integrated response is the primary reason why 
biomonitoring is a good tool in measuring effects of complex mixtures or 
effluents. After all, the goal of the regulations is the protection of 
aquatic life and in this way you can get a direct answer to that question. 
This is not to imply that biological testing should replace traditional 
chemical monitoring. It's simply a complement to that testing to get a 
more complete picture of what is occurring in the environment. 
Biomonitoring has been done using one method or another for many 
years. In some cases, biomonitoring might simply have been a matter of 
tossing a few goldfish in a pickle jar of effluent and seeing whether or not 
they go belly-up. But, as the science of aquatic toxicology has advanced, 
so has the level of sophistication of the tests, as well as . the general 
applicability of the results. The first real regulatory use of aquatic 
toxicity tests was probably in the early 1970s. Since then, the USEPA and 
many states have begun to require biological testing on discharge per-
mits. In addition, many regulatory bodies have developed Itheir own 
capabilities for conducting toxicity tests. A recent publication reported 
that all five USEPA regions east of the Mississippi River have in-house and 
on-site toxicity testing capabilities. In addition, of the 27 states in 
those five regions, 22 of them have their own in-h.ouse cap·abilities and 16 
of those 27 have mobile labs for conducting tests on site. Considering the 
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date of this publication, it is doubtful that this includes our new fixed lab 
and mobile lab here in Illinois. The toxicity tests carried out by these 
labs have provided some interesting results. In a survey conducted by 
Regions 3 & 4 over the period from 1975-1982, discharges from 71 municipal 
and 551 industrial sources were sampled and both static and flow-through 
toxicity tests were conducted. Most of these sources, judging from informa-
tion available in literature, had no history of noncompliance with their 
permits, but of these, 62% of the industrial and 79% of the municipal 
plants which were surveyed exhibited lethality. At least some of the or-
ganisms exposed were killed in periods as short as 24 to 96 hours. So 
again, these results give further evidence as to the importance of toxicity 
data in a regulatory framework. 
Historically, however, there have been some areas of contention in the 
use and application of toxicity tests. One very important one is the eco-
logical relevance of laboratory tests. The data generated from 
toxicity tests is meaningless if it has no relevance to instream impacts. 
Recent studies conducted by USEPA 'and others have shmvn a good pred'ict·-
ability of some of these tests. Selection of test species is a second 
issue. For the most part, a small number of generally accepted species are now 
("standard") widely used, although in some cases local species are used for 
a particular site's specific characteristics. The advantage of the standard 
species approach is the reproducibility of the tests and the ability to 
compare the relative toxicity of classes of discharges across wide geo-
graphical areas. Third, fluctuations in effluent characteristics have led 
some to conclude that biomonitoring is not an effective monitoring 
tool, but this argument c~n be addressed by proper design of the sampling 
and testing program. The program must be based on site specific 
characteristics. For example, one needs to have knowledge of the retention 
time of the treatment system, any potential batch processing which could 
take place and so forth. A fourth issue, interactions of effluents with 
receiving waters, can also be addressed by proper study design, 
particularly using the on-site receiving water as a dilution water in the 
test. An application factor, for single compounds, is a numerical tool for 
extrapolating lethality data to environmentally-safe concentrations. Such 
extrapolation is more d~fficult with complex effluents. The USEPA has is-
sued recent guidelines on how to apply toxicity data on a site specific 
basis, based on the ratio of effluent flow to receiving water flow, and 
hopefully these guidelines will make some progress in resolving the debate. 
Aquatic toxicity tests may be broken down into two general 
categories, acute and chronic. Acute are short term, relative to the 
life cycle of the organism, and in general they use lethality or death as an 
endpoint. Chronic tests encompass a longer span of the life cycle. The 
traditional chronic tests are full life cycle tests. For example, one 
starts out with newly fertilized fish eggs, traces them thro'ugh the entire 
development process until they're adults, which, in turn, produce a second 
generation of offspring. The life cycle tests are very time-consuming and 
expensive. . There are some new, tests which have been shortened, covering 
critical periods of the life cycles, and some of these shorter tests have 
been shown to be good predictors of the long term chronic toxicity. 
152 
Chronic tests examine mortality but also look at sub-lethal responses such 
as reduction of growth and impairment of reproduction. 
The 96-hour fish and the 48-hour water flea (Daphnia pulex or Q. 
magna) acute tests are the standard-bearers for the toxicity testing 
world. The species of fish most commonly used is the fathead minnow 
(Pimephales Promelas). The rainbow trout (Salmo gairdneri) is sometimes 
tested in cold water regions. Two short-term new chronic tests have been 
developed by the USEPA lab in Duluth. The seven day larval fish (fathead 
minnow) test investigates growth inhibition, while the seven day water 
flea (Ceriodaphnia dubia) test studies reproductive impairment. The 
96-hour algal growth test may be considered as either an acute or a 
chronic test, looking at reproduction and growth of the green algae 
Selanastrum capricornutum. These are the most widely used tests. They're 
recommended for use by USEPA and there are recently revised testing gui~&~ines 
which underwent extensive peer review that are now available from EPA . 
The fathead minnow is native to the southeastern part of the United 
States but has now been introduced just about everywhere including most 
stream systems of Illinois. Another reason why the fathead minnow is 
widely used in toxicity testing is that it's easily cultured in the lab, 
which is a very important characteristic of a test organism. And also, 
there's a large, extensive database on the toxicity of a variety of 
chemicals to this species. Daphnia, or particularly Daphnia pulex, is 
found- in lakes, ponds and large rivers over much of North America. It is 
also important in the food web as it feeds on algae and bacteria and is fed 
upon in turn by fish. Again, it's easily cultured in the lab and there's 
a large historical data base. 
In response to Governor Thompson's 1984 Chemical Safety Research 
Initiative, Illinois EPA's Office of Chemical Safety has established an 
Environmental Biomonitoring Center with a fixed facility in Springfield as 
well as a mobile laboratory. The two programs were implemented in the 
late summer of 1985 when we obtained our mobile lab and first began to do the 
renovations on the space for our new fixed laboratory. The goal of the program 
is to use biomonitoring as a tool to assess the impacts of potentially 
toxic chemical substances, complex discharges and hazardous waste sites. 
These efforts will involve a multimedia approach, looking at contamination of 
water, soil and air. Our initial emphasis has been on effluent monitoring 
of discharges throughout Illinois. The test that we're currently 
carrying out in our initial stages in our stationary laboratory are the 
static 48-hour Daphnia and the static 96-hour fathead minnow bioassays. We 
can use the results of these tests as kind of a screening tool to decide 
where we'd like to take our mobile lab on-site, where we can conduct 
flow-through fathead minnow tests as well as static Daphnia bioassays. In 
the near future, we're going to incorporate the algal growth, fathead 
minnow growth and Ceriodaphnia reproduction short term chronic tests. 
The fixed 
Springfield. 
divided into 4 
laboratory of the EBC is located at the IEPA headquarters in 
The laboratory contains approximately 1500 square feet, 
rooms and an open office area. The aquatic culture room is 
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physically isolated from the other rooms in order to prevent potential 
contamination of cultures. The lighting, heating and air conditioning are 
also controlled independently of the rest of the building so that 
photoperiod and temperature can be strictly regulated. The facilities for 
fathead minnow culture include two l60-gallon and two 70-gallon insulated 
holding tanks, twelve 10-gallon spawning tanks, 2-liter hatching beakers and 
3-gallon rearing tanks. Daphnia pulex are cultured in 500 ml beakers with 
10 adults of known age per beaker. The culture facilities are expected 
to provide an adequate supply of test organisms for aquatic toxicity 
testing. There is also adequate space for additional cultures of Ceriodaphnia 
dubia, Selanastrum capricornutum and possibly Daphnia magna. 
The water chemistry area provides the capability of preparing culture 
media and stock solutions, performing routine inorganic chemical analyses and 
other laboratory activities. The autoclave, gravity connection oven, 
microbalance and other equipment are all located in this area. 
The testing area is a self-enclosed room with adequate 
conduct numerous static toxicity tests. Two incubators and a 
hood are also located in this room. 
shelving to 
ventilation 
The fourth room is set aside for future use. The first equipment to be 
installed will be a sodium sulfite dechlorination system which will provide 
up to 20 gpm of dechlorinated tap water for culture use. 
Additionally, a deionizer capable of producing reagent-grade water will be 
installed. The remaLnLng space in this room will be devoted to .culture of 
organisms for future air and soil bioassays .. 
In February, 1986, we began to receive effluent samples from around the 
state which were collected by the regional personnel of the Division of 
Water Pollution Control. Each week we receive three one-gallon samples; one 
yellow labeled bottle of effluent sample and two green labeled bottles 
of dilution water taken just upstream on that discharge. When those 
samples are collecBed they are immediately shipped to us and packed on ice to 
keep them under 5 C to prevent degradation. We start the tests within 24 
hours. The first thing we do is check tho temperature and bring the 
samples up to the proper test temperature (20 C), and check the dissolved 
oxygen as well to make sure that it is within satisfactory limits. We 
then prepare a series of concentrations of effluent diluted with the 
receLvLng water. We use a logarithmic progression, with a control of 
just receiving water and then 5.6, 10, 18, 32, 56, and 100% effluent. We 
use an additional control of our own lab culture water in case we have any 
potential problems with the quality of the receiving water that we are 
using as dilution water. We then use four replicates at each concentration 
for both fish and daphnids, with five organisms in each replicate. We 
check for survival at least every 24' hours and also monitor 
physio-chemical parameters such as temperature, dissolved oxygen, pH, 
conductivity, alkalinity and hardness. 
Our mobile laboratory was delivered to us in late August of 1985. 
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It's a 24 foot long by 8 foot wide trailer ~vith a converted king pin 
towing system with a one-ton pickup truck to tow it. We have two options for 
how the lab can be powered with this trailer. If we have power 
available on site, we can use a 220-volt source about 60 amps to run our 
equipment on board. If we are in a more remote site, we use a 7 kilowatt 
generator. The advantage of going on-site is that we can continuously 
sample effluent instead of relying just on a grab sample or even a 24 
hour composite sample. We sample continuously for the duration of the 
test, which is 96 hours for the acute tests. In this way, we account for any 
variability that might take place during that time frame, or any batch 
processing or dumping which might occur. Also, we don't have any aging or 
degradation problem because, with the turnover time in our system, the 
effluent is never more than a few minutes old before it reaches our 
test tanks. We collect our dilution water a little bit upstream to 
make sure we don't have any mlxlng of effluent with the receiving water. 
We collect this water in batches in an 800 gallon collapsible tank which fits 
in the bed of our truck. We then take that back on site, and pump it from 
that 800 gallon tank into a 1300 gallon tank which we store in front of the 
trailer. 
Both our dilution water and effluent is pumped into the trailer and 
first goes through a 5emperature-controlled water bath to bring it up to the 
test temperature of 20 C. This gives us excellent temperature control for our 
bioassays. The heart of the system is a solenoid valve-operated pro-
portional dilutor which provides a series of concentrations of effluent and 
constantly replenishes these over the duration of the test. The dilutor 
feeds two replicate tanks for each concentration in which we place 10 fathead 
minnows. We also have sufficient space to conduct routine water quality 
monitoring and al'so to carry out static daphnid tests. 
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ABSTRACT 
River and stream biological communities are often subject to complex 
toxic pollutants from anthropogenic sources. Suggested concentration criteria 
for pollutants are generally determined using single species toxicity 
bioassays. Results of monitoring studies and on-site toxicity testing show 
that knowledge of the effect of a toxicant on individual species is- necessary, 
but not sufficient to be able to predict changes in resident aquatic species 
in rivers subject to toxic inputs. The mode and timing of pollutant inputs 
into streams will very often determine how biological communities respond. 
For example, in one situation where toxic effects are chronic, (e.g., over 
decades) community structure accurately reflects the toxic inputs; however, 
community metabolism has responded sufficiently to the point where there are 
no differences between "control" and "impact" zones. On-site bioassays 
performed at this river indicate that EPA-suggested metal criteria will 
protect resident trout, but are not sufficiently conservative to protect 
resident benthic invertebrates. 
The chemical nature and complexity of pollutants also influence the 
biotic response in terms of the acclimation potential of resident species. We 
have used on-site and laboratory toxicity bioassays to measure the ability of 
trout to acclimate to metals alone, and to complex refinery waste waters. 
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Trout appear to readily acclimate to metals, however, sensitization occurs in 
trout exposed to refinery waste waters. 
Further research needs include studies which investigate the long-term 
effects of low levels of pollutants on populations. And more information is 
required on the interactions among pollutants and environmental variables. 
Toxicity bioassays are valuable tools in this research; however, field 
experimentation is also required to determine the particular effects of 
chemicals on aquatic ecosystems. 
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Extrapolating Laboratory Toxicity Data to Ecosystem Level Effects: 
Benefits and Limitations 
Dr. Thomas La Point 
The U.S. Environmental Protection Agency (USEPA) has the responsibility 
for protecting human health and aquatic life from the effects of toxicants. 
A critical element of this responsibility has involved establishing aquatic 
life criteria. An aquatic life criterion is defined as that toxicant 
concentration below which the biological integrity of the ecosystem is 
maintained (Weber 1981). The definition of biological integrity is taken to 
mean the propagation and maintenance of fish and wildlife populations and the 
maintenance of community structure and function. A lot of this has been a 
focal point for a great deal of research, controversy, discussions and 
argumentation throughout the last decade. 
Classically, the criteria that now exist have been established primarily 
'through single species toxicity tests carried out in bioassay diluters in 
which test organisms are placed into .test chambers, dosed at different 
concentrations of compounds, and an effective concentration (EC) for some 
activity or behavior, or a lethal concentration (LC) is measured. Typical 
test organisms that have been used include Pimephales promelas (fathead 
minnow) , Daphnia magna (crustacean water flea), Ceriodaphnia sp., (a related' 
water flea), brook trout (Salvelinus fontinalis), rainbow trout (Salmo 
gairdneri) and others. 
Laboratory bioassays have ~rovided a solid basis for estimating time 
dependent toxicity of chemicals. However, there are certain limitations (or 
certain perceived limitations) of laboratory toxicity tests. The limitations 
derive principally from the concern that' test organisms in aquaria are not 
exposed to the variety of contaminants or water quality that they might be in 
the field. Behavioral effects, such as competition and predation, are not 
typically taken into account in laboratory bioassays. Variation in 
nutritional quality is often pronounced and these conditions may affect 
species responses in the field quite often, However, the idea of laboratory 
toxicity testing using surrogate species is certainly well accepted and has 
sufficed as a basis for determining water quality criteria (Mount 1985). 
However, I would say that bioassays are necessary but not wholly sufficient 
for predicting population and community level effects. 
How well proposed criteria have protected the .aquatic environment has 
been an ongoing research problem. In 1980 and 1981 the USEPA funded a survey 
of streams across the United States subject to publicly owned treatment work 
(POTW) effluents to find out if, in fact, the criteria established for 
different chemicals did protect the aquatic biota, The results of that 
survey (La Point, et al., 1984) led primarily to more questions. The survey 
found rivers in which sensitive species and apparently healthy aquatic 
communities existed where pollutant concentrations exceeded their aquatic 
life criteria. The obverse was also evident in a few cases, where adverse 
biological effects were evident despite pollutant concentrations which were 
less than their respective criteria. 
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As a follow-up to that survey, we were interested in determining the 
toxicity of metals in one of the survey streams, Prickly Pear Creek in 
Montana (Figure 1). Specifically, we wanted to know if the resident biota 
were more sensitive to metal pollution than would be indicated by toxicity 
bioassay results. The Prickly Pear Creek study section involved an 18 km 
stretch of the stream. Heavy metals influencing the benthic community 
structure of Prickly Pear Creek come from a tributary watershed drained by 
Spring Creek. Spring Creek itself has a tributary called Corbin Creek. The 
area surrounding Corbin Creek had been extensively mined since the l860s 
(Montana Water Quality Bureau, 1981). This watershed represents an example 
of chronically high concentrations of metals which, over a 100 year period 
'of time, have influenced benthic community structure. On the basis of Spring 
Creek acting as a point source for metal contamination (Figure 2), we 
established sampling stations in Prickly Pear Creek to represent "control" 
sites (upstream from Spring Creek), "impact" sites (immediately downstream 
from Spring Creek) and "recovery" sites (extending as far as 18 km 
downstream). The three-year monitoring program included sampling chemical, 
physical and biological variables. One limitation of the study was that the 
river was intensively sampled during only one six-week period each year, 
during summer base-flow periods. This sampling schedule precluded 
incorporating seasonal variation in benthic response; however, it did allow a 
comparison among years. 
One focus in this study was to measure t;he toxicity of the "whole 
effluent" (Spring Creek) water to resident fish and invertebrates. We had 
established a bioassay trailer on site, for use in static and flow-through 
bioassays. Tested species included brook trout, mayfly (Siphlonuris 
occidentalis) and Ceriodaphnia sp. The results for all species are provided 
in La Point, et al., (1983). In the bioassays, organisms were exposed to 
dilutions of Spring Creek water, and in a second series of tests, were 
exposed to control site water to which dissolved metals were added. 
Concentrations of copper and zinc lethal to 50% of the organisms were 
calculated at 48 and 96 hours for resident and hatchery trout. Hatchery 
trout had been obtained from a federal fish hatchery and were used to compare 
toxicity results between native trout and hatchery trout which could not 
have been previously exposed to Spring Creek waters. In 1981 there was no 
difference in toxicity between resident and hatchery trout. This ran counter 
to results obtained in 1980 (Miller, et a1., 1986), in which acclimation of 
rainbow trout was measured. The bioassay results for the three species used 
in this study indicate that the criteria ~or copper and zinc in Prickly Pear 
Creek are valid: based solely on these bioassay results, if the criteria were 
to be met in Prickly Pear Creek, trout would be protected. 
The 
reflected 
results. 
number of 
3). The 
variable; 
sampling 
response of the benthos among years at each of the sampling sites 
inputs from Spring Creek and present a somewhat different set of 
During the course of the three-year study, the downstream trend in 
benthic invertebrate taxa collected was similar each year (Figure 
number of individuals collected at each site (Figure 3) was more 
however, a similar downstream trend was observed. The high 
variances associated with collecting benthos is one of the major 
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sampling problems in biomonitoring in that large sample numbers are required 
if one wishes to detect subtle changes. If the impact is stronger, then 
fewer samples are required. However, given the limited resources typically 
associated with biomonitoring programs, it is usually difficult to determine, 
in an a priori manner, the appropriate sampling intensity. 
In the case of Prickly Pear Creek, the benthic fauna reflects the 
influence of Spring Creek waters on the resident community of Prickly Pear 
Creek downstream from their confluence. This consistent response in 
invertebrate abundance and distribution across years should indicate caution 
when interpreting the results of the on-site bioassays. Note that in this 
study, as well as in most biomonitoring studies, the designation of sites as 
"control", "impact" and "recovery" is arbitrary, in that the number of· 
species and number of individuals do not necessarily equal those of the 
upstream "control" site. Differences in community structure in:easured on a 
small scale may not be indicative of toxic effects from .a .:point source. 
Rather, the fau~al responses observed may be a function of differences in 
physical habitat, sediment type or other unmeasured tributary influences. In 
this study, the number of taxa and number of individuals approached the 
abundances sampled in the site upstream from Spring Creek. Furthermore, 
benthic faunal responses to Spring Creek inputs were corroborated by changes 
in algal community structure and function (Crossey and La Point, unpubl.). 
Laboratory bioassays provide numerous benefits in that they provide 
practical estimates of toxicity from which guidelines for protection can be 
developed. Further, one can evaluate the relative toxicity of large numbers 
of chemicals. Bioassay systems are relatively inexpensive to build and use, 
compared to on site surveys. Using laboratory bioassay data,one· can 
evaluate the relative sensitivity of different species by studying their 
responses to a similar range of concentrations of a chemical and to different 
chemicals. Additionally, one can evaluate water quality effects using 
bioassay systems on site. In these studies, the effect of water quality in 
the stream on the toxicity of a given pollutant can lead to estimates of how 
much the toxicity is modified. These considerations then lead to the 
development of site-specific criteria. 
In the laboratory, concentration-response curves may be quite readily 
developed and the significance of exposure duration then evaluated. Exposure 
duration is of particular importance because acclimation can influence the 
abundance and distribution of organisms in a stream subject to pollution 
(Stubblefield, pers. comm.). Although acclimation has been shown to 
increase the tolerance of organisms to metals (Dixon and Sprague, 1981), long 
term exposure to pollutants associated with refinery processing may lead to 
enhanced sensitivity (Stubblefield, pers. comm.). 
Laboratory bioassays have certain limitations when used alone to protect 
aquatic environments. Changes in community structure and function occur when 
subject to toxic inputs. In Prickly Pear Creek, there has been a complete 
shift in algal species structure downstream from the Spring Creek confluence 
over the period of time the watershed has been disturbed (Crossey and La 
Point, unpubl. ms) . Given the short generation time of algae (and insects) 
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compared to the century of disturbance, this is not unexpected. Yet changes 
in community structure and function need not only occur over long periods of 
time; shifts also occur as a result of acute effects and can be quite 
sensitive (Weitzel and Bates, 1981). How these changes influence the 
distribution and abundance of fish, which may not respond to similar 
pollutant concentrations when tested in a laboratory situation, is a topic 
which needs much more research. 
Finally, laboratory bioassay results may not reflect the potential for 
fish and invertebrates to acclimate or become sensitized to pollutants in the 
environment. The fact that "healthy" populations sometimes exist in areas 
subject to elevated concentrations of metals may be a function of 
acclimation. At the same time, criteria - established using laboratory 
strains of animals may not be strict enough if sensLtization occurs, which 
appears to be the case with some refinery effluents. -' - Much more study needs 
to be done on species I responses to multiple -toxicants, and on the 
acclimation potential of aquatic organisms to chronic low-level pollution. 
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FIGURES 
1. Map of Prickly Pear Creek drainage, MT. Stations 1 and 2 are upstream 
from the effluent source, Spring Creek. Stations 3, 4 and 5 are located 
downstream from the effluent source within the designated impact zone. 
Finally, stations 6, 7 and 8 begin seven km downstream from Spring Creek, in 
the recovery zone. 
2. Total heavy metal concentrations in Prickly Pear Creek for 1980-82. Each 
histogram bar represents the mean of three replicate grab samples. For each 
station, the bars represent, from left to right, metal concentrations 
measured in 1980, 1981 and 1982, respectively. Asterisks represent 
USEPA-suggested water quality criteria for these metals; criteria for all but 
arsenic vary with water hardness. Error bars are omitted for clarity. 
3. Number of individuals and number of taxa collected at Prickly Pear Creek 
stations 1, 3, 5 and 7 for 1980, 1981 and 1982. For each station, the 
histogram bars represent the measured or calculated metameter for 1980, 
1981, and 1982, 1eft-to-right, respectively. 
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New Approaches for the Use of Short-Term Tests for Genotoxicity to Evaluate 
Mutagenic and Carcinogenic Potential on Environmental Chemicals 
Dr. Frederick J. de Serres 
Office of the Director 
National Institute of Environmental Health Sciences 
P.O. Box 12233 
Research Triangle Park, North Carolina 27709 
ABSTRACT 
Two international collaborative studies sponsored by the International 
Program on Chemical Safety (UNEP/ILO/WHO) to evaluate short-term tests for 
genotoxicity have been completed. The first studY'was designed to evaluate in 
vitro eukaryotic assay systems for use as a complement to the Salmonella 
reverse-mutation assay system. The second study was designed to evaluate in 
vivo assay systems and their ability to discriminate between carcinogens and 
structurally related noncarcinogens. The data base developed in the in vitro 
study showed that an assay for chromosome aberrations in mammalian cells in 
culture detects carcinogens that are negative in the bacterial assay. The 
data base developed in the second study shows that there are two in vivo 
assays that effectively discriminate between those carcinogens and 
noncarcinogens that give positive results in vitro: the mouse bone marrow 
micronucleus assay and the rat liver assay for unscheduled DNA synthesis. The 
results of both of these international trials have been used to develop a 
unified tes·ting strategy for the evaluation of new test chemicals to evaluate 
their mutagenic and carcinogenic potential. 
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New Approaches for the Use of Short-Term Tests for Genotoxicity to Evaluate 
Mutagenic and Carcinogenic Potential on Environmental Chemicals 
Dr. Frederick J. de Serres 
Introduction 
It was about 10 years ago that short-term tests with Salmonella were 
recommended for use in screening environmental chemicals for mutagenic and 
carcinogenic potential. The Ames test was put into widespread use allover 
the world and thousands of chemicals have been tested to evaluate their 
mutagenic and carcinogenic potential. Many additional short-term tests were 
also developed to detect other types of genetic damage, as well as 
nongenotoxic damage that would lead to cancer. With the advent of in vitro 
metabolic activation, it seemed certain that the metabolism of the whole 
animal could be mimicked on the Petri plate or in the test tube. As a result 
of this development, it was anticipat.ed that whole animal assays would no 
longer be necessary and that their use would drop dramatically. 
As a result of large international collaborative studies to evaluate 
various short-term in vitro and in vivo tests, it has become clear that both 
classes of short-term tests are needed and that any battery of tests designed 
to evaluate environmental chemicals must include both in vitro and in vivo 
short-term tests. It is now clear that with the use of the Ames assay in 
isolation that there has been premature, and sometimes false, indictment of 
potentially useful chemicals and that the data base developed with this test 
alone is totally inadequate for the evaluation of a chemical's mutagenic and 
carcinogenic potential in humans. 
In this paper, I intend to review the results of three international 
collaborative studies to evaluate the general utility of short-term tests for 
mutagenicity and carcinogenicity and the impact of the data base developed ·in 
these studi'es on the design of batteries of tests used in the safety 
evaluation of environmental chemicals. 
International Collaborative Study to Evaluate Short-Term in vitro Tests for 
Carcinogens 
Two international collaborative studies sponsored by the International 
Program on Chemical Safety (UNEP/ILO/WHO) £o2evaluate short-term tests for 
genotoxicity have recently been completed ' . The first IPCS study was 
designed to evaluate in vitro assay systems for use along with the Salmonella 
reverse-mutation assay system. The Salmonella assay was shown to be 
particularly suitable for use in screening environmental chemicals for 
potential mutagenic and carcinogenic activity in the International 
Collaborative Program to Eva1uate Short-Term Tests for Carcinogens (ICPESTTC) 
that was started in 1977 ~ . In that study it was clear that the Ames 
Salmonella tests could not detect all known carcinogens and it had to be used 
along with some other short-term test as yet to be identified. In the IPCS in 
vitro study a total of ten chemicals, consisting of eight carcinogens that are 
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difficult to detect with the Salmonella assay and two noncarcinogens, were 
used to evaluate the utility of a ~.,ide variety of eukaryotic assays for 
genotoxicity. The ten chemicals tested are as follows: carcinogens 
(acrylonitrile, benzene, diethylhexylphthalate, diethylstilbestrol, 
hexamethylphosphoramide, phenobarbitone, safrole and o-toluidine) and 
noncarcinogens (benzoin and caprolactam). The eukaryotic systems tested 
included: assays for gene mutation, gene conversion, crossing-over and 
aneuploidy in fungi; assays for somatic cell recombination and gene mutation 
in Drosophila; and assays for metabolic cooperation, transformation, 
single-strand breaks, unscheduled DNA synthesis, chromosome aberrations, 
sister-chromatid exchange, micronucleus, polyploidy, aneuploidy and gene 
mutation in mammalian cells in culture. Since the aneuploidy assay has had 
limited use outside of the laboratory contributing test data to the 
collaborative study, a recommendation for more general use will have to await 
studies to evaluate interlaboratory reproducibility. Assays for chromosome 
aberrations in mammalian cells in culture, which are in widespread use,were 
recommended to complement th~ Salmonella reverse-mutation assay . 
In the initial reports on th~_g-tility of the Salmonella assays . for 
identifying carcinogenic potential a high percentage of known chemical 
carcinogens and a low percentage of known chemical noncarcinogens were sho~ 
to give a positive response. One of the problems encountered in ICPESTTC 
was the high frequency of positive responses shown in vitro by seven of the 14 
chemicals classified as noncarcinogens. The number of in vivo short-term 
tests in ICPESTTC was somewhat limited, but the total data base developed in 
this experiment suggested that although some noncarcinogens were positive in 
vitro that they were negative in in vivo short-term tests. Two good examples 
of these differences were provided by the noncarcinogens in thebenzo(a)pyrene 
and pyrene (BP/P) and the 2-acetylaminof1uorene and 4-acetylaminof1uorene 
(2AAF/4AAF) pairs as indicated in Table 1. 
Table 1. 
Results of assays on the 2 pairs 
of chemicals BP/P and 2AAF/4AAF reported in ICPESTTC 
Number of + responses/Total Number of Assays 
BP p 2AAF 4AAF 
in vitro 40/47 17/40 32/36 27/35 
in vivo 5/5 0/5 2/2 0/2 
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was 
even 
show 
Thus, the rationale for the second IPCS study on in vivo short-term tests 
derived from ICPESTTC and it was decided to evaluate the abiH.ty of an 
broader range of in vivo short-term tests to determine which of these 
the best discrimination between known chemical carcinogens and 
noncarcinogens. 
International Collaborative Study to Evaluate Short-Term in vivo Tests for 
Carcinogens 
The second IPCS study on in vivo assay systems utilized the 2 test 
chemical pairs BP/P and 2AAF/4AAF to evaluate a wide . range .of eukaryotic 
short-term tests for genotoxicity and carcinogenicity. These tests included 
assays utilizing the cells of various mammals in culture as welL as various 
assays on whole animals. In ICPESTTC all four test chemica:ls .gave positive 
results in a wide. range of in vitro short-term tests, and the • objective of 
this second IPCS study was to determine which in vivo assays we.1;e capable of 
distinguishing the two carcinogens from the two noncarcinogens.;· The res~lts 
of this study have only recently been compiled in terms of a final report , 
but the data show clearly that, in general, the collective body of in vivo 
assays does discriminate between the two carcinogens and the two 
noncarcinogens as shown in Table 2. 
in vivo 
Table 2 
Results of assays on the two pairs 
of chemicals BP/P and 2AAF/4AAF reported 
in the IPCS collaborative study on in vi~o assays 
Number of + and +/- responses/Total Number of Assays 
BP P 2AAF 4AAF 
64/72 2/73 54/75 10/75 
Particularly useful in vivo assays ate the mouse bone marrow micronucleus 
assay and the assay for unscheduled DNA synthesis in cultured rat liver cells. 
Both assays showed good interlaboratory reproducibility and provide a 
reasonable battery of in vivo short-term tests for further evaluation of in 
vitro genotoxins. 
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Effective Deployment of in vitro and in vivo ~S~h~o~r~t~-~T~e~r~m~~T~e~s~t~s __ ~f~o~r 
Carcinogenicity 
The effective deployment of short-term tests for tests of individual 
chemicals or their use in mass-screening progr1ms has been the subject of 
considerable debate in the recent literature. Obviously, if in vitro 
genotoxins can be negative in vivo, a sequential scheme of testing may be 
required to develop a data base that will permit a comprehensive evaluation of 
mutagenic and.carcinogenic potential.. One possible approach to this problem 
is given in Figure 1. In this scheme a chemical is subjected to an in vitro 
battery of tests (the Salmonella assay and an assay for chromosome aberrations 
in mammalian cells in culture) to determine whether it is a genotoxin in vitro 
and produces the type of genetic damage that can be detected by each of these 
assays. A positive result in one or both of the assays classifies the 
chemical as a genotoxin and the chemical is then tested with a battery of in 
vivo assays. If both of the in vitro assays are negative, then the chemical 
is tested in the appropriate battery of assays to detect nongenotoxic 
carcinogens. These tests may include assays for in vitro transformation, 
unscheduled DNA synthesis, etc. Positive results with any of these assays 
will classify the chemical as a potential carcinogen. In vitro genotoxins are 
then subjected to a battery of in vivo tests (the mouse bone marrow 
micronucleus test and the rat liver assay for unscheduled DNA synthesis). 
Since enzymatic detoxification may well be organ-specific, one of the main 
problems in the in vivo assays is the development of a battery of tests that 
will permit a comprehensive evaluation of the activity of the chemical being 
tested in the appropriate target organs (liver, lung, kidney, bone marrow, 
etc.) as well as the sex organs (ovary and testis). The dominant lethal test 
in the rat has been used extensively to evaluate the mutagenic effects of 
chemicals o~ germ cells, but positive results do not always indicate 
genotoxicity The data base on other assays is much more limited and, in 
general, these tests involv~ng the use of rodent assays for genotoxicity are 
too costly for general use. However, the data base on a new assay for 
unscheduled DNA synthesis in the test is developed by Sega and presented as 
an appendix to the Russell paper (2), looks promising. The development of a 
sufficiently comprehensive battery of in vivo assays will eventually permit 
the classification of those chemicals that give negative results as potential 
rodentfhuman nongenotoxins and as germ-cell nonmutagens, Chemicals that give 
positive results in one or more assay will be classified as. potential 
rodent/human carcinogens and will have to be tested in the traditional 
two-year rodent bioassay for cancer. 
In summary, these studies have demonstrated the general utility of 
short-term tests to evaluate the mutagenic and carcinogenic potential of 
environmental chemicals. It is now clear that to provide a comprehensive 
evaluation, it will be necessary to supplement such short-term in vitro assays 
as the Ames Salmonella test and an in vitro assay for chromosome aberrations 
in mammalian cells in culture with short-term in vitro assays. At present, 
the best candidates for these in vivo assays are (1) the mouse-bone marrow 
micronucleus assay, and (2) the assay for unscheduled DNA synthesis rat liver 
cells. . 
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FIGURE 1 
Proposed Testing Scheme for Identification and Cla.ssification 
of Test ,Chemicals with Short-Term In Vitro'. and In Vivo Assays 
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Development of a Risk Assessment Model to Extrapolate Genetic Damage from 
Short-Term Biological Assays to Humans 
Michael J. Plewa, Ph.D., Associate Professor of Genetics 
Institute for Environmental Studies 
Gary V. Johnson, Ph.D., Assistant Professor of Environmental Economics 
University of Illinois at Urbana-Champaign 
ABSTRACT 
We are developing a model for the assessment of risks for humans due to 
the exposure of direct-acting physical or chemical genotoxins. The method 
focuses on the use of data from calibrated short-term laboratory assays in a 
mathematical model that will allow for the assessment of both the current 
risks from genotoxins, and the evaluation of the risk posed by the 
introduction of new potentially genotoxic compounds and/or new technologies 
for disposal of hazardous wastes. Current risk assessment techniques have two 
primary approaches, epidemiological studies and short-term laboratory tests. 
The difficulty with most risk assessments based on epidemiological studies is 
the inability to control for outside influences of exposure to other 
environmental toxins and toxins introduced by life style choices. 
Furthermore, epidemiological studies are of little use as a base for assessing 
and managing the risks from the introduction of a new chemical in the 
environment or the safety of a new hazardous waste disposal technology. While 
the use of short-term biological laboratory test systems avoid this latter 
problem, these tests are met with a certain skepticism even within the 
scientific community because of their inability to tie the results of 
non-human experimentation to tangible effects to human health. The 
difficulties with assessing the risks from genotoxins being released into the 
environment using current tools points to the need for the development of new 
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frameworks for estimating these risks. Fortunately, Abrahamson and his 
colleagues hypothesized that after normalizing for the DNA content per genome 
there is a uniformity in radiation-induced mutation for individual genetic 
indicator organisms taken from the literature. This hypothesis was supported 
by our laboratory experiments and we are using it as the foundation for our 
risk assessment model. It is the objective of our continuing research to 
develop and refine a method for the assessment of risks for humans due to the 
introduction of direct-acting physical or chemical genotoxins. 
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Development of a Risk Assessment Model.to Extrapolate Genetic Damage From 
Short-Term Biological Assays to Humans 
Risk Assessment 
Dr. Michael J. Plewa 
Dr. Gary V. Johnson 
INTRODUCTION 
Starting in the latter part of the 1970s there has been a growing 
awareness by both the public and government off:icials of the risks posed by 
the introduction of toxic chemicals into the environment. In the last few 
years concern regarding the introduction of toiins into the environment has 
focused on two related areas, toxins in driIlking water and the human exposure 
of toxins via the disposal of hazardous wast~s. The public concern in this 
area is evidenced by the fact that the only major piece of federal 
environmental legislation passed in the last fciur years was the revision and 
strengthening of the Resource Conservation and Recovery Act (RCRA) in the last 
legislative session. 
General Methods of Risk Assessment 
Accompanying this growing awareness of the above problem has been a 
concern by scientists, regulators and decision-makers that the tools for 
assessing and managing the resultant risks are inadequate. There is a need 
for development of new methods for assessing the risks from toxins and for the 
development of frameworks for evaluating the alternative management strategies 
for reducing these risks (Lave, 1982a). 
Current risk assessment techniques have two bases, epidemiological 
studies and short-term laboratory tests. The difficulty with most risk 
·assessments based on epidemiological studies is the inability to control for 
outside influences of exposuri to other environmental toxins and toxins 
introduced by life style choices Only when the size of the epidemiological 
data base gets very large, as in the case for the human health effects of 
radiation, or when the magnit~de of an exceedingly rare effect of a specific 
toxin is large, e.g., the case with vinyl .chloride-induced liver cancer, do 
these problems become less severe. ·Furthermore, epidemiological studies are 
of little use as a base for assessing and managing the risks from the 
introduction of a new chemical in the environment or the safety of a new 
hazardous waste disposal technology. While the use of short-term biological 
laboratory t.est systems avoid this latter problem, these tests are met with a 
certain skepticism even within the scientific community because of their 
inability to tie the results of nonhuman experimentation to tangible effects 
to human health. 
Concept of Genetic Risk 
The inadequacies of current risk assessment tools are magnified when the 
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toxic chemicals involved are mutagens and carcinogens (genotoxins)2. This 
results because of the potentially long latency period between exposure and 
human health effects. Furthermo~5' becau~9 of the low rate of background or 
spontaneous mutation rate (10 to 10 ), detecting a statistically 
significant increase ~n mortality or morbidity from a genotoxin is very 
difficult (Lave, 1982b) . 
An example of the long latency period between exposure and health 
effects, and the difficulty of detecting genotoxic effects, is the case of 
halogenated hydrocarbons in drinking water, which occur as a result of 
chlorination. Early epidemiological studies of this problem indicated a high 
level of risk (National Academy of Sciences, 1978), changes in relative risks 
of greater than 10%, between chlorinated and nonchlorinated water supplies, 
but later more carefully constructed epidemiological studies indicated that 
the risk was low, very near the level of detection for current techniques 
(National Academy of Sciences, 1978)j' Further difficulties arise when complex 
mixtures of organic compounds may be genotoxic in determining which of the 
constituents are causing the problem and whether the other organic chemicals 
in the mixture are enhancing; depressing or neutral with regard to the 
genotoxic effect. Recent evidence indicates the existence of genotoxic risks 
due to low-levels of unknown4contaminant compounds or complex mixtures in drinking water (Nestman, 1984) . 
The difficulties with assessing the genetic risks from genotoxins being 
released into the environment using current tools points to the need for the 
development of new frameworks for estimating these risks. 
ABCW RELATIONSHIP 
The rates of mutation induced by ionizing radiation differ greatly among 
organ~9m~. The i~duced speci~~c.locus.mutations per locus per rad ranges from 
1 10 l.n bacterl.a to 5 x 10 l.n angl.osperms. In 1973 Abrahamson, Bender; 
Conger and Wolff discovered a direct correlation between ionizing-induced 
mutation rate and the DNA content per haploid genome (Abrahamson, et al., 
1973). This correlation has been commonly referred to as the ABCW 
relationship (Figure 1). Their survey of the scientific literature 
encompassed data from prokaryotes, lower eukaryotes and higher eukaryotes. 
Abrahamson, et al., suggested that it is the nucleus, not the gene locus, that 
determines the size of the target for mutation. Heddle and Athanasiou (1975) 
suggested three explanatipns for the ABCW relationship. They were (i) the 
target for mutation is proportional to the haploid DNA content of the nucleus, 
(ii) the DNA repair efficiency is inversely proportional to the genome size, 
and (iii) the size of the mutational event is proportional to the size of the 
genome. From the perspective of genetic risk assessment, the ABCW 
relationship is important. It suggests that, at least for ionizing radiation 
and perhaps for simple, direct acting chemical mutagens, the data from 
short-term genetic assays may be extrapolatable to. estimate genetic damage in 
exposed humans. The data upon which the ABCW relationship was established 
were derived from the literature. For ionizing radiation a constant rate of 
forward mutation was calculated per rad when the DNA content per haploid 
genome was taken into account. The data suggest. that when normalized for the 
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DNA content_}n human cells, 
as 2.6 x 10 per locus per 
1973) (Table 1). 
the average forward mutation rate was calculated 
rad of ionizing radiation. (Abrahamson, et al., 
OBJECTIVES OF CURRENT RESEARCH 
The objective of our current research is to develop and refine a method 
for the assessment of risks for humans due to the introduction of 
direct-acting physical or chemical genotoxins. The method developed will 
focus on the use of data from short-term laboratory assays in a model that 
will be able to translate the data to human health risks. The resulting 
method will allow the assessment of both the current risks from genotoxins,· 
and the evaluation of the risk posed by the introduction of new potentially 
genotoxic compounds and or new technologies for disposal of hazardous wastes. 
Research Goals 
Our current research project in preparing a risk assessment model 
includes the following goals. 
1. To demonstrate that the forward mutation rate induced by gamma 
radiation can be used as a constant across short-term genetic assays 
if a normalization is done on the human haploid DNA content. This 
demonstration will be done by calibrating the rate of forward muta-
three 
the 
tion induced by gamma radiation and two alkylating agents at 
arabinose loci in Salmonella typhimurium strain SV50, 
canavanine-l locus in Saccharo-myces cerevisiae strain XY729, and 
the yg-2 locus in Zea mays, inbred Early-Early Synthetic. 
2. To transform the rate of forward mutation induced by gamma radiation 
in each species by the haploid DNA content of human cells and derive 
an average mutation rate based on the ABCW relationship. 
3. To derive a radiation-equivalent chemical (REC) value adjusted for 
. the haploid DNA content of human cells for the alkylating agents 
used in the calibration experiments. 
4. To determine the radiation equivalents for the chemical mutagens for 
each genetic indicator organism. 
5. To develop a risk assessment model that will use the above constancy 
of radiation-induced forward mutation to predict human health 
effects from exposure of a short-term genetic assay to gamma 
radiation. 
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ABCW RELATIONSHIP 
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DNA PER HAPLOID GENOME (pg) 
Figure 1. Relation between forward mutation rate per locus per 
radionizing radiation and the DNA content per haploid 
genome (Abrahamson et al. 1973). 
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Organism 
E. coli 
(Bacterium) 
, 
S. cerevisiae 
(Yeast) 
N. crassa 
(Fungus) 
D. melanogaster 
(Fruit Fly) 
L. esculentum 
(Tomato) 
M. musculus 
(Mouse) 
H. vulgare 
(Barley) 
Table 1 
SPECIFIC LOCUS MUTATION RATES NORMALIZED 
FOR AMOUNT OF DNA PER HAPLOID GENOME6 
DNA! Relative Specif ic 
Haploid Amount of Locus 
Genome DNA as Mutations 
(pg) Compared per Locus 
with Human per Rad 
0.013 4.5xIO-3 1. OXlO-9 
0.024 8.3xl0-3 1.6xl0 -9· 
0.042 1.4XIO-Z 2.7X10-9 
0.17 0.05·S l.4XlO-8 
1. 95 0.67 3. 75x10-7 
2.26 0.78 1. 7X10-7 
10.0 3.45 1.0xlO-6 
b From Abrahamson et al. 1973. 
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Normalized 
Spec if ic 
Locus 
Mutations 
per Locus 
per Rad 
2.2xlO·7 
1.9x10-7 
1.9xlO-7 
2 .4XIO-7 
5.6xl0 -7 
2.2x10 -7 
2.9X10·7 
RESULTS AND DISCUSSION 
CALIBRATION OF GENETIC ASSAYS 
We have completed our mutation induction and calibration experiments with 
Z. mays and ~ typhimurium. The maize calibration permitted a direct, 
empirical test of the ABCW relationship, therefore, these data are presented 
first. 
Calibration of Zea mays with Gamma Radiation 
Forward mutation at the maize yellow-green-2 locus (ygl) was calibrated 
with gamma radiation and the alkylating agents ethylmethane-sulfonate and 
ethylnitrosourea (Plewa, et al., 1984, Schy and Plewa, 1985). The data for 
forward mu~ation at ygl induced by gamma rays are illustrated in Figure 2. We 
used an early data set that included the dose range from 50 to 500 rads gamma 
rays to experimentally test the ABCW relationship (Plewa, et al., 1983). In 
general the ABCW relationship very approximately predicted the maize data. 
However, an obvious deviation between the point predicted by the ABCW 
relationship and the experimental results. For this paper we recalculated the 
gamma ray-induced forward mutation/locus/rad value for ygl based on two ad-
ditional sources of information. First a much larger data set was available 
from our experiments (Plewa, et al., 1984). Secondly, we observed that beyond 
a dose of 100 rads of gamma radiation a significant proportion of the ygl 
events were due to chromosomal aberrations (Wagner and Plewa, 1985). Some of 
these genetic events have different induction kinetics than forward mutation 
at a single locus and could lead to an incorrect estimation of the forward 
mutations/locus/rad value for ygl. Therefore, the dose range from 25 to 100 
rads was used in the calculation of the ygl forward mutations/locus/rad value 
(Table 2). These data are plotted against the haploid DNA content of maize in 
Figure 3. It is clear that the maize data support the ABCW relationship. A 
calculation of the estimated genetic risk to human DNA that included the maize 
data and the data for the species listed in Table 1, the unweighted mean (+ 
the standard error of the mean) for_ 7he mutation rates normalized to the human haploid DNA value is 2.7 ± 0.5 x 10 per locus per rad. This value de~cribes 
the estimated genetic risk (in terms of forward mutation per locus) that a 
person would suffer if exposed to 1 rad of ionizing radiation. 
Calibration of Salmonella Strain SV50 with Gamma Radiation 
137 Salmonella typhimurium strain SV50 was calibrated with Cs gamma rays 
for the induction of Ara mutants and for survivorship. A dose-response curve 
for the range of 0 to 20 krad was determined (Figure 4). The data \vere 
evaluated using aggregated and dis aggregated formats to determine the better 
estimate of the induced Ara mutants per survivor per locus per rad of gamma 
radiation. Using aggregated data in the range of 250 rads to 7 krads are 
induced A~~ mutants per survivor per locus per rad was calculated as 2.30 + 
0.52 x 198 . Using regression analysis the value was calculated as 2.14 ± 0.06 x 10 (Figure 5). The latter approach was determined to be'the better 
estimate (Plewa, et al., 1986); 
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Table 2 
GAMMA RAY-INDUCED ~ MUTATION RATES IN LEAF FOUR 
PRIMORDIAL CELLS WITHIN THE DOSE RANGE FROM 25 TO 100 RADS 
Treatment Group ~ Mutati?r Rate Induced ~ Mut~6tion 
(x10 )" Rate/Rad (xlO ) 
Control 6.08 NA 
25 rads 9.52 1.38 
50 rads 17.33 2.25 
75 rads 14.78 1.16 
100 rads 33.33 2.73 
Mean induced ~mutation rate/rad i standard error "1. 88 ± 0.4 x 10-6 
7 From Plewa ~!:!l.... 1984. 
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Figure 3. Relation between forward mutation rate per locus per 
radionizing radiation and the DNA content per haploid 
genome with the maize data as 1.88 + 0.4 x 10-6 yg2 
mutation rate/rad. A calc~lation of-the estimate~ 
genetic risk to human DNA as the unweighted mean of the 
mutation rates illustrated in this figure (+ the 
standard error of the mean) for the mutatio~ rates 
normalized to the human haploid DNA value:._is_.2. 7 + 
0.5 x 10-7 per locus per rad. 
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ANALYSIS OF THE UNIFORMITY OF RADIATION-INDUCED MUTATION RATES BETWEEN ~ 
TYPHIMURIUM AND h MAYS 
As a second empirical test of the ABCW hypothesis we used 137Cs 
gamma-radiation-induced forward mutation in two genetic indicator organisms, 
resistance to L-arabinose in ~ typhimurium (strain SV50), and forward 
mutation at the ~ for Z.mays. Since prokaryotes and eukaryotes differ 
greatly, the use of the above assays were thought to provide a severe test of 
the ABCW relationship (Johnson and Plewa, 1985). 
The linear portions of the dose-response curves for both assays were 
statistically estimated by regressing the level of radiation in krads on 
mutational event per loc~s per treated cell, normalized for the haploid maize 
DNA content (Appendix 1) . The data used for the maize estimation was derived 
from the 0 to 500 rad treatment groups. The data used for the SV50 estimation 
was derived from the 0 to 7 krad treatment groups. The maize values presented 
here differ from that presented in the first evaluation of the ABCW 
relationship in that the aggregated maize data encompasses data from the 
treatment range of 0 to 100 rads and for the calculated mutation rate was 
normalized to the human haploid DNA content. The coefficient on the krads 
variable () has the units, mutational event per locus per treated cell per 
krad. The null hypothesis was that the s for the two dose-response curves 
are not statistically different at the 90% level of confidence. The testing 
was carried out by restricting the when estimating the ~ typhimurium 
dose-response curve to the value of the from the estimated h mays 
dose-response curve and conducting a F-test to determine if the residuals from 
restricted and unrestricted estimates differe~3 The data supported. the null 
hypo~~esis. The .fo: h mays was 7.94 x 10 wi:h ~standard erro: of 0.95 
x 10 . The F-stat~st~c for the test of the restr~ct~on was 2.598 w~th 1 and 
25 degrees of freedom. This value of the F-statistic indicates that two 
coefficients are statistically the same at the 90% confidence level. 
While the test of the restriction that the m~tation rate per locus 
corrected for haploid human DNA content is different must be rejected, there 
are some salient problems regarding this test, i.e., the result of the test 
may be an artifact. These problems become apparent when the restriction test 
was replicated using a lower number of observations to estimate the 
dose-response curves for maize assay. There are three possible reasons for 
the nonrobustness of the test. First, as shown earlier the SV50 data can be 
corrected for survivorship. The ~ assay cannot be corrected for 
survivorship. While an attempt was made to treat the data for the two 
estimations in a similar manner (the SVSO data was not corrected for 
survivorship), the resulting test findings may not be robust because we are 
really comparing two different genetic end points. 
The second reason for nonrobustness of the restriction test is that SVSO 
has altered DNA repair capabilities. Thus the large number of zeros in the 
~ data set may reflect repair. Once again, the nonrobustness of the test 
may reflect that the data from the two assays are not dealt with in a similar 
manner. 
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The final reason for nonrobustness of the test is that the size of our 
ta6gets are different. A single petri plate of SV50 has approximately 1.5 x 10 cells. A single leaf four used in the YS£ assay arises from a target cell 
population of approximately 2,500 primordial cel~5' Gi~7n that spontaneous 
mutation rates for these to assays are between 10 to 10 ,the low numb"er of 
targets in a YS£ assay may bias the results. 
CALCULATION OF RADIATION EQUIVALENT CHEMICAL VALUES 
After we complete our experimental and model building phases using gamma 
radiation to calibrate our genetic indicator organisms we plan to extend this 
risk analysis to direct acting chemical genotoxins. 
Creation of Radiation Equivalent Chemicals and the Estimation of Human Health 
Effects 
The estimation of the linear portion of the dose-response curves for the 
direct acting mutagens for each of the short-term genetic assays will proceed 
as outlined above. The dependent variable in the estimated equation will have 
the units of forward mutation per locus normalized to human haploid DNA 
content. A transformation of this linear portion to a radiation equivalent 
will be made using an estimation of the linear portion of the dose-response 
curve for forward mutation induced by gamma radiation. 
The estimate of the human health effects from a given level of radiation 
equivalent chemical will be do~e using the human radiation epidemiological 
data. The estimates for mortality and morbidity in humans from radiation 
developed by Abrahamson, et al., (1984) and Abrahamson (1984) will be used. 
BENEFITS OF RESEARCH 
The benefits of this research to the State of Illinois is the development 
of a risk assessment model that would be able to predict for humans the risk 
of genetic damage upon exposure to ionizing radiation or mutagenic hazardous 
wastes. Data from calibrated short-term genetic assays may be used to 
evaluate the hazardous waste, complex environmental mixtures or specific 
exposure agent. These data shall be used to statistically estimate 
dose-response curves that will be mathematically transformed by the 
particulars of the proposed model and a risk value will be calculated. These 
values will be transformed in terms of rads of ionizing radiation. This value 
can be compared to the risk tables in Abrahamson, et al., (1984) and 
Abrahamson (1984). Thus, a quantitative measure of genetic risk due to human 
exposure of mutagenic environmental hazardous wastes in terms of mutation 
induction or cancer incidence can be established. This risk assessment model 
will be based on empirical laboratory analysis, standardized to ionizing 
radiation and extrapolatable to human beings with experimentally determined 
confidence limits: This may be one method, albeit a limited one, of rank 
ordering areas in the State of Illinois of hazardous waste contamination and 
human exposure into a series of priority levels so that limited funds 
allocated for site clean-up can be most effectively used. 
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Footnotes 
lA classical example of this problem is the case of an asbestos worker whose 
hobby is the making of fiberglass boats and is a heavy smoker.' 
2 Under the somatic mutation theory of cancer, almost all carcinogens are 
mutagens and the great majority of mutagens are carcinogens (Sorsa, 1980). 
Both carcinogens and mutagens belong to the class of toxins known as 
genotoxins. 
3 Note that in order for mortality or morbidity to occur a mutation must occur. 
Therefore, mortality and morbidity from genotoxins represent a subset of total 
mutational events. While the background level of mutation rate in humans is 
unknown the range presented in the text is representative. 
4This last study is a review of Canadian research looking at mutagenicity of 
- municipal drinking water drawn from the Canadian portion of the Great Lakes. 
5 Note that the treatment of the L typhimurium (SVSO) data here are different 
than that for the calibration experiment. The latter ,was corrected for 
survivorship while the former was not. This lack of correction in the test of 
the ABCW hypothesis was necessary for the SVSO data to be equivalent to that 
for maize. Presently, there is no method to determine the percent 
survivorship of treated leaf primordial cells in maize embryos. 
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APPENDIX 1 
REGRESSION ANALYSIS 
..§... typhimurium 
Data: 27 disaggregate data points with the gamma radiation ranging 
from 0 to 7 krads. 
Functional Form: 
MPLPTC = a + ~kRADS + U 
where: MPLPTC is the number of forward ~r mutants per 
locus per treated cells normalized to the DNA content 
in man. 
kRADS is the amount of 137 Cs gamma radiation in 
krads. 
U is a stochastic error term. 
Estimated Equation: MPLPTC = 0.70339 + (0.012151)(kRADS) 
(0.03110) (0.002556) 
Data: 
The standard error of the coefficients is given in parentheses 
below the estimated coefficient. 
The standard error of the estimate is 0.00013410. 
661 disaggregate data points with a range of gamma radiation of 
o to 0.5 krads. 
Functional Form: The functional form was the same as that used for ~. 
typhimurium above. The~. mays exhibited heterosce-
dasticity. This was corrected for in the estimation 
by using the method developed by Glejser (1969). 
Estimated Function: MPLPTC = 0.0002111~ + (0.0079404) (kRADS) 
(0.000035971) (0.00095323) 
The standard error of the coefficients is given in parentheses 
below the estimated coefficient 
The standard error of the estimate is 1.3038. 
Note the values used for normalization of the DNA per haploid genome are 
2.16 pg for man, 8.25 pg for ~ mays, and 0.0312 pg for §... typhimurium 
(SV50) . 
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In Situ Monitoring of Pollutants with In Vivo Bioassays 
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ABSTRACT 
Three of the most vital natural resources are fresh air, clean water and 
uncontaminated soil. Thousands of chemical agents and some dangerous 
radioisotopes have been released into our environment at a very rapid rate. 
The deleterious effects of the polluted air, water and soil under various 
environmental conditions and from various combinations of the countless agents 
can only be detected with effective bioassays (biological testing). For a 
true-to-life picture of the damage to the living beings especially to human 
health requires the in situ (on site) monitoring with in vivo (true life) 
bioassay. This first step of testing will provide the early warning of the 
danger of the polluted air in our work place, the polluted water for our daily 
consumption, the contaminated soil for growing food and all kinds of 
vegetation. A review of the available in vivo assays which can be applied to 
the site of pollution or to the polluted samples collected on site was made. 
Four short-term inexpensive, simple and efficient bioassays are suggested, 
namely, Allium-root tip- and Tradescantia- micronucleus assays, 
Mouse-peripheral erythrocyte-micronucleus and human lymphocyte chromosome 
aberration or micronucleus assays.· The general procedure of each of these 
suggested assays were outlined. 
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In Situ Monitoring of Pollutants with In Vivo Bioassays 
Dr. Te-Hsiu Ma 
Three of the most vital natural resources are fresh air, clean water and 
uncontaminated soil. Environmental pollutants generated by our energy 
consumption, application of all kinds of chemical agents and of material 
wastes in the last decades have been contaminating our natural resources. 
This not only endangers our human health but also threatens the survival of 
many forms of vegetation and animal lives. In order to preserve these 
precious natural resources, urgent measures should be taken to reduce the 
source of contamination, to detect the levels of pollutants, and to apply 
biological tests (bioassays) to assess the toxic effects of the pollutants 
under the real life conditions. We worried so much about the hazardous 
potential of the pollutants to humans, but failed to realize the harmful 
effects on. the ecosystems. Since the well being of humans in the long run 
depends upon the survival of all the ecosystems, it is far more important to 
focus on ecotoxicology and look into the deleterious effect of pollutants on 
the organisms around us. It has been clearly demonstrated that many organisms 
are more sensitive to toxic agents. The classical example of this sort was 
the coal miner's use of canaries for detection of toxic fumes. Our modern 
day toxicologists have found many more highly sensitive biological systems 
that can give us the early warnings of the dangerous agent in the air, water 
or soil. In the midst of indecision on the establishment of priorities in the 
environmental problems, State of Illinois should be commended for its pioneer 
spirit to hold this conference on ecotoxicology, to broaden the scope of 
environmental protection, and above all, to do something about the urgent 
environmental problems. 
Way back in the early 1970s, when the word "ecology" or "pollution" was 
first introduced to the scientific community and general public, many 
enthusiastic scientists jumped on the band wagon and intended to do something 
about the environment. The newly formed Environmental Mutagen Societies, at 
that time, had a relatively small group of people. They put a lot of effort 
tnto applying some of the old techniques in radiation studies in the detection 
of mutagenicity of pollutants. During the late '70s, the Genetic Toxicology 
(Gene-Tox) program conducted a very exhaustive survey of literature and 
provided the information in the types of mutagens, types of tests and the 
categories of chemicals. These concerted efforts of hundreds of scientists in 
the U.S. and abroad produced several volumes of publications in Mutation 
Research (Conference Gene-Tox). Major screening and testing works were done 
by combined efforts of members of the Environmental Mutagen Society (EMS), 
Society of Environmental Toxicology and Chemistry, and other similar 
organizations. Earlier studies \oJere aimed at solving pollution problems and 
determining the genotoxicity of agents in the polluted environment. ;In recent 
years, there has been a general trend that studies were focused on some 
obscure compounds, dwelling on the mechanisms of mutagenicity, with a limited 
number of bioassays utilized in greater depth. Thus, the findings were often 
so far remote from the environmental problems of urgent nature. We know that 
the magnitude of water pollution problems, especially the radioactive 
pollution which will be in a steady increase, probably ·would take us 
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generations to find a way to control, and yet, so many of us are either 
ignorant about the problem, or do not care, or worse yet, spend so much of our 
efforts on frivolous things instead of facing the real problem. The closest 
analogy of this situation is that when a house was on fire, the lady in the 
house was in front of the mirror putting on lipstick. We all know there are 
millions of man-made chemical agents existing already, more than a quarter of 
a million are in use in our daily life. Most of these man-made molecules and 
their metabolic by-products, or degradation residues are toxic, mutagenic, 
teratogenic or carcinogenic to living beings. At the preserit time, most of 
them are incorporated into our precious resources, air, water and soil. The 
quantity of these dangerous pollutants are increasing day by day at an 
exponential rate. And yet, so many of us, the environmental scientists, went 
back to our ivory tower playing the game of "Trivial Pursuit". To take the 
action against the urgent environmental crisis, detection of the pollutants 
chemically, and testing of the effects of the pollutants biologically, are the 
first steps of the procedure. To establish the priority and focus the effort 
on the most urgent crisis of the time and to apply th~ true-to-life testing 
at the site of pollution are the most efficient ways to cope with the problem. 
This is what I referred to as the in situ monitoring of pollutants with in 
vivo bioassays. Since a large amount of chemical data are already compiled in 
various agencies in the state, I would like to present some background 
knowledge of the bioassays in the Gene-Tox program and to introduce some of 
the major in situ monitoring bioassays for your reference. With the 
constraint of budget and time in mind, the bioassays suggested here are 
inexpensive, quick and easy to apply. 
First, let us look over some of the well established bioassays in the 
USEPA Gene-Tox program which are listed in Tables land 2. 
There are about 30 different tests listed in two separate tables. Table 
1 contains 12 bioassays of plant system and Table 2 contains 18 bioassays of 
animal system. They are arranged on a phylogenetic sequence. The first 
column gives the names or organisms of the assays, the second column indicates 
the endpoints and the last column gives an estimated number of references 
published. Among 30 some assays, more than half of them use the chromosome 
damage as the endpoints. 
Next, let us look at the in vivo bioassays for in situ monitoring which 
were compiled in the USEPA Hazard Assessment of Chemicals, (Ma and Harris, 
1985). There are 28 different systems listed in two tables, Table 3 and 4 
which again w~re divided into plant animal systems and arranged in a 
phylogenetic sequence. Twelve plant assays are named in the first column and 
the scientific names of the organism used are indicated in the second column. 
The third column gives the endpoints of each of the assays and the last column 
shows either the number of experiments conducted or published, or the number 
of agents tested or sites monitored. The different types of data points, such 
as water pollution (W) air pollution (A) responses, and accumulation of 
pollutants from water [W] or air [AJ are marked by different kinds of 
parentheses and letters respectively. Some of them marked with (E) indicate 
that the tests are for the total ecological effects. Those labeled with 
(P) are the potential efficient assays, and those marked with (Q) are well 
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Table 1 
COMMON BIOASSAYS-US EPA GENE-TaX PROGRAM 
(Plant systems) 
BIOASSAYS ENDPOINTS References 
Bacteria Mutation 
E. coli, Salmonella 
B. subtilis, 
P. mirabilis 
Neurospora crassa Mutation 
Aspergillus nidulans Mutation 
Saccharomyces cerevisiae Mutation 
Higher plants--------------------------
Allium cepa 
Arabdopsis thaliana 
Glycine max 
Hordeum vulgare 
Tradescantia-MCN** 
Tradescantia-SHM,#4430 
Vicia faba 
Zea mays 
CA* 
Mutation 
Somatic mutat. 
Somatic Mutat. 
CA, MCN,Cd-A*** 
Somatic Mutat. 
CA, Cd-A, Mutat. 
Somatic Mutat. 
>1,000 
>280 
>60 
180 
75 
21 
3 
15 
32 
15 
85 
10 
*CA = chromosome aberration, **MCN = micronucleus, 
***Cd-A = chromatid aberration. 
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Table 2 
COMMON BIOASSAYS-US EPA GENE-TaX PROGRAM 
(Animal systems) 
BIOASSAYS ENDPOINTS RERENCES 
Drosophila Mutation test CA* ? 
Drosophila Sex-linked 
recessive lethal CA & Mutat. 169 
Chinese hamster ovary (CHO) CA, Mutation 68 
Chinese hamster lung (V-79) Somatic Mutation 125 
Syrian hamster ovary Transformation 158 
Mouse lymphoma L5178Y Somatic mutat 108 
Mouse bone marrow MCN MCN** ? 
Mammalian cytogenetics CA 175 
Mouse specific locus Muta~ion 17 
Mouse spot test Somatic mutate 30 
Mouse sperm morphology Morpho-physiology 54 
Mouse Dominant lethal CA 249 
Mouse Heritable Translocation Genetic-CA 29 
Mammalian body fluid Microbial test 38 
Mammalian Host mediated assay Microbial test 77 
Mammalian SCE SCE*** 
Human sperm morphology Morpho-physiology 
Human UDS**** DNA synthesis 
DNA Repair Assay(human) DNA synthesis 
*CA = chromosome aberration, **MCN = micronucleus, 
216 
76 
82 
94 
***SCE = sister chromatid exchange, ****UDS = Unscheduled DNA Synthesis. 
201 
Table 3 
IN SITU MONITORING WITH IN VIVO BIOASSAYS (PLANT SYSTEMS) 
Bioassays 
Bacteria 
Reversion 
(A) (W) (P) 
Bacteria 
(W) 
Algae 
Benthic 
(W) (Q) 
Plankton 
(W) (Q) 
Organisms Endpoints 
S. typhimurium Gene mutation 
S. typhimurium Reversions 
B. micrococcus Ecology 
Enteromorpha 
Fucus,Padina Bioaccumulation 
Ascophyllum 
Navicula Ecophysiology 
Nitzchia 
Lichens Ramal ina Bioaccumulation 
(A) (Q) 
Aquatic plants Zostera Bioaccumulation 
Bioaccum. Elodea,SRhagnum 
(W) (Q) Spirodella 
Data base 
3 Experiments'. 
> 1,000 agents 
3 sites 
18 sites 
6 sites 
37 sites 
6 sites 
Genetics Osmunda Cytogenetics, CA* 2 Expt. 
(W) (Q) 
Higher plants Vicia faba Cytogenetics 76 agents 
(W) (Q) Arabdopsis Gene mutation 200 agents 
Allium cepa Cytogenetics, CA 150 agents 
(A) (Q) Tradescantia Somatic mutation 100 agents 
(A) (W) (Q) #4430 & #03 Cytogenetics, CA 150 agents, 23 sites 
(A) (Q) Zea mays Somatic mutation 60 agents 
Cytogenetics MCN** 7 sites 
Hordeum H. vulgaris Cytogenetics, CA 60 agents 
(W)(A)(P) Somatic mutation 20 agents 
'*CA= chromosome aberration, **MCN =micronucleus, [ ] = bioaccumulation, 
( ) = direct effect. 
Table 4 
In situ Monitoring with in vivo Bioassays (Animal systems) 
Bioassays Organisms Endpoints Data base 
Nematode/Copepod Nematode Ecology 18 sites 
ratio 
(W) (Q) 
Benthic (W) Benthic organisms Ecology 4 Expts 
Mussel Bioaccum. Mytilus spp. Bioaccum. 94 sites 
[W] (Q) 
Oyster Bioaccum Crasseostrea Bioaccum. 9 sites. 
[W] 
Fish 
Bioacc. [W] Perca Bioaccum. 3.Expts. 
SCE* (W) Umbra pygamaea SCE, CA** 3 Expt. 
Birds (E) Turaus Ecology 1 Expt. 
Physiology 3 Expts. 
Mammals 
Bioaccum. [W] Dugong phocoena Bioaccum. 4 Expts. 
Cytogenetic Mus MCN***,CA 4 Expt. 
(E) (P) 
Enzymeatic Apodemus Physiology 2 Expts. 
(E) peromyscus 1 site 
Humans Workers of Benz. Cytogenetics 8 agents 
Diesel, Miners SCE, CA 1 site 
Potters 
*SCE == sister chromatid exchange, ·**CA = chromosome aberration, 
***MCN = micronucleus. [ ] == Bioaccumulation, ( ) == direct effect. 
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qualified tests. For in situ testing of water pollutants, some of them were 
used to test the water samples collected from sites of pollution rather than 
treating the organisms in the polluted water which is often impractical. 
Again, among these assays, more than half of them are using chromosome damage 
as the endpoints. We all know that chromosomes are the most fragile 
components in the cell. Each chromosome is composed of a continuous strand of 
DNA. The breakage of DNA bonds results in chromosome breakage. The DNA 
molecules in both prokaryotes and eukaryotes are made the same way just as the 
universality of the genetic codes and further more, the naked DNA of the early 
interphase cells of eukaryotes are similar to those naked DNA of the 
prokaryotes. Therefore, chromosome are chromosomes, the chromosome damage 
induced by a given agents in any plant cells or in any animal cells are the 
same. Thus bioassays of plant systems are just as valid as the animal 
systems, definitely no less valid than those shown in prokaryotic systems. 
Among all these assays we may choose to use several of the inexpensive, short 
term and easy ones. In· most cases, plant systems are more efficient and less 
expensive than the animal systems. Here are some of the suggested assays: 
For water and soil pollution, Allium (Grant, 1982) and Vicia (Ma, 1982) 
chromosomes aberrations (CA) , or micronucleus (MCN) , and sister-chromatid 
exchange (SCE). These materials are perhaps the oldest mutagen detection 
systems in the history. Formaldehyde-induced chromosome breakage was first· 
reported in the 1930s. Recent development on adopting the Allium root tip 
cell for SCE is promising. Unfortunately, our recent study indicates that the 
root tip cell MCN test on water pollutants is not efficient (Ma, et al., 
1986b). Tradescantia (spiderwort), another one of the old cytogenetic 
materials for mutagen studies and detection of radiation, started in early 
1930. Other than its microspore chromosomes (n=6) , the Stamen Hair Mutation 
assay has been known for almost 20 years (Vanlt Hof, 1982). The Japanese 
scientists called it "Atomic Plant", using it to detect radiation around the 
nuclear reactors. 
In addition to detecting water and soil pollution (Ma, et al., 1984; 
1985; 1985a; 1986; 1986a; Chen and Fang, 1981), Tradescantia-Micronucleus 
(Trad-MCN) is perhaps the .most sensitive system for air pollution (Harris and 
Ma, 1982; Ma, et al., 1978; Ma, et al., 1982; 1982a; and 1983) and radiation 
detection. It has been in use in the last 10 years and has tested 140 some 
agents of gaseous, liquid or radioactive forms (Ma, et al., 1984; Anderson and 
Ma, 1981). It might be the only efficient system for in situ air pollution 
monitoring, and also the only one capable of detecting mutagens in 
unconcentrated drinking water from reservoirs (Ma, et al., 1985) and wells 
(Ma, et al., 1986). In this assay (Ma, 1983), only the cuttings of the young 
inflorescences are used. The target cells are the meiotic pollen mother 
cells. Treatments can be accomplished as short as 30 minutes or as long as 30 
hours. When the cells are exposed with an overdose of mutagens, the nucleus 
in the tetrad may degenerate to the degree of empty cells, or form 
unequal-sized nuclei. These could be used as the indicator of high toxicity. 
The maj or published data which are generated from the 
Traqescantia-micronucleus assays are listed as follows: 
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1) Linear regression dose response curves established with ethylene 
dibromide (Ma, et al., 1978) with X-rays (Ma, et al., 1980), with 
diesel exhaust fumes (Ma, et al., 1982) and with formaldehyde fumes 
(Ma, et al., 1986a). 
2) Dose-related response to Malathion fumes (Ma, et al., 1983) and air 
fresheners (Harris and Ma, 1981). 
3) In situ monitoring data from bus and truck stops (Ma, et al. , 1982; 
1982a), tests on diesel exhaust fumes (Ma, et al. , 1982; 1982a). 
4) Consolidated report on laboratory testing of mutagens in liquid 
form, pesticides (Ma, et al. , 1984). 
5) The latest data on drinking water from reservoir and shallow wells 
of western Illinois rural communities (Ma, et al., 1985a and 1986). 
6) The micronuclei induced by internal radiation from the incorporated 
radioisotopes at nCi level (Anderson and Ma, 1981). 
The mouse-peripheral-erythrocyte-micronucleus (Mus-MCN) test is one of 
the simplest, most inexpensive mammalian assays which can detect the 
cumulative effect of chronic exposures of mutagens (MacGregor, et al., 1980; 
Ma, et al., 1986). The peripheral blood could be sampled from the tail 
repeatedly for a period of six months or a year. The micronucleus is shown in 
the enucleated erythrocytes stained with Giemsa and Harris hemat~xylin.. Data 
obtained from chronic low-dose X-ray treatments indicates a "discontinuous 
piece-wise linear regression" model (Harris, et al., 1985a). Chronic 
treatment with acetaldehyde showed also dose-related increase of micronucleus 
frequencies in mice (Ma, et al., 1985b). Micronucleus frequencies induced by 
six months of feeding the mice shallow well water indicated a significant 
difference from the control group which drank nursery water which was prepared 
for making baby formula (Ma, et al., 1986). 
The other inexpensive short term bioassays for water pollutants could be: 
Fern sporocytes, Arabdopsis, Maize and Mudminnows (CA and SeE). One of the 
latest assays reported in the 17th Annual Meeting of the Environmental Mutagen 
Society was the Frog-lymphocyte chromosome aberration and sister-chromatid 
exchange test (Geard and Soutter, 1986). It would be most ideal for water 
pollution studies. Above all, human lymphocyte CA, SCE, or MCN could be done 
on the selected sample agents. 
We all know that environmental pollution is a political and economical 
problem. It is a scientific problem since it originated from scientific 
advancement and industrialization. And like it or not, it is often a legal 
problem. All these problems in various facets 'of our life tend to create the 
antagonistic self-defeating VlClOUS cycle and no solution can be found. 
Perhaps, it is wise to focus on the following two aspects of life and there 
might be a solution in the long run, several generations in the future.' 
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1) Life style of mankind: Most pollutants are generated from a high 
fashion life-style which requires a large amount of energy, fancy gadgets, 
exotic chemicals, drugs, food additives, high toxicity garbage and sewage. 
2) The moral standard of society: Pollutant producers are often the 
pollutant receivers. Law and regulation alone can not control pollution. A 
deep conviction in ethics is needed in our society. Everything we do to 
others as well as to ourselves should be rooted in the ethical sense. 
Everyone is a polluter, big or small. Every bit of comfort, every little 
convenience and every moment of enjoyment in life requires either material or 
energy. Therefore, environmental protection is a long dynamic process of 
human kind civilization, and it should be based upon the goodwill of mankind, 
and we should exercise moderation with the best of conscience. 
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Limitations of the Epidemiological Method 
(Transcription) 
Dr. Jane Keller, Environmental Epidemiologist 
Illinois Department of Public Health 
Springfield, Illinois 
In this lecture, I will give an introduction to the limitations of the 
epidemiologic method. I started as a toxicologist; then I got very frustrated 
trying to convince my employers in the chemical industry that our data were 
any good so I decided to become an epidemiologist. One thing that I found 
from studying epidemiology is that epidemiology is not really the foolproof 
science that we often think it is. When I teach my students about toxicology 
I try to. point out the limitations of human studies so that they don't 
necessarily feel that any epidemiological study is a magic gold standard. 
There are a few general limitations I would like to talk about and then I will 
talk about certain types of epidemiological studies and what the specific 
types of problems are with these types of studies. After that, I will talk a 
little bit about study power and statistical design and explain why there are 
certain flaws even to relatively well designed epidemiological studies. Then I 
will talk a little bit about some of what we do in the real world and why some 
of our conclusions are somewhat tenuous. 
Some of the general limitations of epidemiological studies include 
ethical constraints, variability of the human genetic composition, variability 
of the human environment, the multi-causal nature of most non-infectious dis-
eases and the real difficulty in quantifying exposure. I think the ethi~al 
constraints of working on humans have been discussed in great detail and we 
don't really need to go over them. However, we should point out that one 
cannot deliberately cause harm in a human being and one cannot deliberately 
withhold good. Therefore, most epidemiological studies are observational 
rather than interventional or experimental and you can really only do a 
epidemiological study when the toxicologist has failed. 
Another thing that should be pointed out is that the human population is 
a highly heterogeneous group. Laboratory animals are inbred and they tend to 
be very homogenous. Therefore you don't have that genetic variability factor 
to consider the way you do with a human study. The human environment varies 
considerably. We don't all live in lab cages; we don't get a laboratory 
diet; we don't breathe filtered air; and we don't drink purified water. 
Therefore, it is very hard to sort out and quantify what factors contribute to 
the condition that we develop. Most chronic diseases are multi-causal. They 
are not· like an infectious disease where for the most part one agent will 
cause one disease of varying severity. Most non-infectious diseases have 
several causes and one cause can lead to many diseases. Therefore, it is very 
difficult to associate a given disease with a given cause. Probably the most 
serious problem with epidemiological studies is quantifying the exposure which 
people actually receive. Nobody wears a dosimeter 100% of the time. And most 
non-industrial env~ro?ffiental monitoring is sporadic at best, and you only get 
samples of a very heterogeneous situation. 
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For those of you who have had a course in epidemiology, this part of the 
talk will be more or less review. I thought I would talk about the various 
types of epidemiological studies and point out some of the flaws. Probably 
. the most dependable epidemiological study is a prospective or cohort study. 
Exposed and non-exposed subjects are compared on the basis of their disease 
status. The problem of the cohort or prospective study is that it takes a lot 
of time and money to do one of these studies. For example, cancer has a 
latent period of 30 years. Therefore, to do a cancer study you either have to 
find people who were exposed 30 years ago and track them down, which is a 
monumental task, or you have to identify a group of people that has been re-
cently exposed and make a commitment to follow them for 20 or 30 years. I 
would say the biggest problem with identifying a group of people recently ex-
posed and committing yourself to following them for 20 or 30 years is that 
nobody plans ahead that long. For instance we have recently just started a 
study of people who were exposed to a hazardous waste site in Greenup, Illi-
nois. We have said that we are going to follow them, but I don't know what 
state the Department of Public Health budget is going to be in 30 years from 
now and I don't know what we will actually end up doing. I will be retired by 
then. But even so, I think it will be interesting to do anything at all. 
A second type of epidemiological study which is done is known as a 
retrospective or case control study. Diseased people are compared with 
non-diseased people on the basis of their history of exposures, The problem 
with this type of study is choosing the group of non-diseased people for com-
parison with the diseased people. Even theoreticians don't exactly agree as to 
how this group of people should be chosen. One group of theoreticians says 
that the control people should be equivalent to the general population. 
Another group of theoreticians say that the control people should be as close 
as possible to the cases that you're studying. An example of how choosing the 
wrong controls can flaw a study can be seen in the study that supposedly 
linked drinking coffee to pancreatic cancer; This study seemed very convincing 
on the surface, however, when it was examined more closely it was found that 
the controls in this study were people who had gastrointestinal diseases. 
People with gastrointestinal diseases tend to drink less coffee because of the 
nature of their disease. Therefore when they are compared with anybody else 
it looks as though the other group of people drink more coffee. So this is 
what happened with the pancreatic cancer study, and subsequent studies trying 
to link pancreatic cancer with coffee have all turned out negative. 
A third type of study is the cross sectional or prevalence study. A 
population is examined at one point in time, and it is compared on the basis 
of exposure and disease. The problem '(>lith this type of study is that it 
misses diseases that do not occur simultaneously with exposure. Now it's. 
really a bad design and the only reason I bring it up is that most studies of 
occupational exposure and disease are prevalence studies. However, the 
limitations and the design should be considered rather closely, especially 
when a negative result is found. 
The. fourth type of study that I would like to go into a little more 
detail about is the correlational or ecological study. This is where a rate 
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of exposure in a population is correlated with the rate of diseases in a group 
of populations. An example of a correlational study would be butter consump-
tion and heart attack rates. Butter consumption tends to be high in countries 
that have high heart attack rates. Therefore, it is concluded that butter may 
be a risk factor for heart attacks. The problem with this type of study is 
that you have no way of knowing that the individuals who were getting the 
heart attacks actually consumed the per capita level of butter or that they 
have a high rate of butter consumption. You are only looking at something 
which occurs in groups of people. The more serious problem with the 
correlational study is that you cannot control for other exposure factors be-
cause the variability among populations with respect to several factors is not 
directly related to the variability among individuals with respect to those 
exposure factors and there are no statistical methods to conclusively test out 
the effects of ~he other exposures. I would like to mention the slide that 
Dr. Metcalf showed yesterday showing high rates of lung cancer in various 
parts of the.coU'ntry. As you noticed from looking at that. slide, there were 
high rates on the Eastern seaboard and there was a lot of lung and bladder 
cancer in what· wa.s primarily industrialized areas. If you did a correlation of 
this slide. you would probably find a very high correlation with air pollution 
in general. However, you should also keep in mind that there is also occupa-
tional exposures in areas of high air pollution and there also tend to be 
higher levels of smoking in urban areas. Therefore, you cannot necessarily 
say that this correlation between air pollution and lung cancer actually shows 
that air pollution is a risk factor for lung cancer. I did my dissertation on 
lung cancer and I thought I would just mention in passing that there are re-
ally no conclusive epidemiological studies that link generalized air pollution 
with lung cancer. There are only ecological studies. I should also point out 
that a correlational or ecological study is probably the weakest study design 
there is in epidemiological studies. In fact, epidemiologists tend to refer 
to this type of attempt to show a risk factor as their ecological fallacy. 
Another weakness in most epidemiological studies is that there is what is 
known as very low study power. As you all remember from your statistics 
course, in general when you compare groups of people or groups of subjects, 
you test what is known as the null hypothesis. The null hypothesis is that no 
difference exists in the groups that are being compared. There is what is 
known as the alpha error, the error that you make when you reject the null 
hypothesis and conclude that the groups that are being compared are actually 
different, when in fact the groups are really not different. In general, when 
you report a ·statistical error in a journal you will say these groups differ, 
. P is less than .01. The. 01 means the probabili.ty of making an alpha error is 
about .01%. 
However, the journals very rarely mention another type of error. This is 
the beta error. That is the error that you make when you do not reject a null 
hypothesis and you conclude that the groups you are comparing are not 
different, when in fact the groups really are. Generally, the ideal beta er-
ror is about 20%. This beta e.rror is very rarely achieved in actual epidemio-
logical studies. Often times negative results are reported when the beta er-
ror could potentially be up to 50 or 60%. The only factor the experimenter can 
control in studying a population is a sample size. However, getting a large 
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sample is often much more easily said than done. For example in Greenup, Il-
linois, we used 100% of the people we had in our high exposure area and then 
we used about 70% of the people in the lower peripheral, lower exposure 
peripheral area. We found that taking 100% of the people in the peripheral 
area would not really improve our study power that much, so we did not bother 
with it. Even so, out of a study of about 750 households in Greenup, we 
would only get maybe 15 to 20 cases of a given illness, which meant that any 
statistical association we found was very tenuous because it was based on only 
very small numbers. Sometimes we were even concluding that there were 
significant associations when there were maybe only three or four cases in our 
exposed area, which I think makes our results not as convincing as they could 
be. 
Another problem we have with low numbers is when we look at cancer 
clusters. I am the epidemiologist who is in charge of looking at excessive 
rates. b·f cancer in the state. Usually we will find that there are only three 
or . four cases of cancer. And while it is indeed statistically significant, 
still.·.· there are too few cases for us to be able to go out and do any 
meaningful investigation. So generally we have to tell people, well, we are 
sorry; it's significant but we cannot find anything. 
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The Politics of Public Health, Toxicology 
and the Regulation of Toxic Substances 
Dr. Robert Ginsburg 
Research Director and Staff Chemist/Toxicologist 
Citizens for a Better Environment 
ABSTRACT 
From the public's point of view (and I would venture to guess, most 
scientists) there are two truisms associated with toxicological data: 1) there 
is never "enough" data; and 2) no amount of data will ever be sufficiently 
clear-cut so as to satisfy scientist.s, legislators, regulators and the lay 
public alike. Disagreement exists for a number of reasons, the most important 
being that there still is a great deal of "art" (i.e., subjectivity and 
unstated assumptions) in the science of toxicology. There are also inherent 
technical limitations in toxicological experiments which restrict their 
general applicability. These limiting factors relegate politicians and 
sociologists' to basing their decisions on the kind of data that can be. 
generated. Once those decisions are made, then data can be meaningfully 
incorporated into decision-making processes. 
The fluid character of toxicology requires regulators to make the most 
cautious or health-protective interpretation of toxicological data. Until we 
are able to definitively understand the fundamental causes of disease and 
injury resulting from chemical substances, prudence dictates that the public 
be protected ,\Then reasonable toxicological evidence of a hazard exists. To 
rule otherwise ,\Tould obliterate the presumption of innocence granted to the 
people by the.constitution. 
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Given the paucity of toxicological data on most chemicals in use today, 
the most pressing need is to develop baseline data on chronic effects. Since 
living systems are typically bombarded with combinations of different 
chemicals, the synergistic effects of chemical combinations must also be 
included when formulating such a database. Batteries of in vitro tests could 
generate this basic data which would then be used to direct both regulatory 
efforts and future scientific research using animals. Ultimately, the 
chemicals' effects on humans would be investigated. 
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The Politics of Public Health, Toxicology 
and the Regulation of Toxic Substances 
(Transcription) 
Dr. Robert Ginsburg 
Before starting, let me briefly describe the organization that I work 
for, that there be no mistakes about where I am "coming from" or what I do. 
Some of you probably have either heard of me or Citizens for a Better 
Environment (CBE) over the years. CBE is the largest public interest 
environmental organization in the Midwest, with some 9,500 members in Illinois 
and about 20,000 total in the region. We engage in research, advocacy, public 
education and litigation. We also spend a lot of time working with local com-
munities involved in specific problems, whether they be a hazardous waste 
site, air pollution problem, etc. I personally devote much time to the 
problems affecting the southeast side of Chicago and Lake Calumet.' In fact, 
some of the issues that I am going to talk about relate directly to CBE's work 
and analysis of that area, and they provide at least some foundation for the 
bias that I bring to this subject. 
My talk will be divided into three sections. (You will find me repeating 
several points that have been discussed earlier today but from a slightly 
different perspective.) The first section involves the scientific framework in 
which toxicological experiments are designed and the results interpreted. I 
then will switch hats momentarily, taking off the '''scientific'' one in favor 
of the social and political ones - these factors being present in the design 
of research and the interpretation of results. Perhaps "interpretation of 
results" is a bit inaccurate, for what I really will be addressing is the 
interpretability of results in toxicological research. And summing up in the 
final section, I'll propose elements for a framework on how I believe we need 
to proceed what kind of data is necessary given the problems that were 
raised in the first two sections. 
I will be speaking in generalities; and I'm not going to propose an 
extensive set of tests like those that were put forth earlier this morning. 
My approach presupposes that there are some very important' policy issues 
almost basic, philosophical questions - that have to be understood and ad-
dressed up front before we can actually know how to use all the toxicologi-
cal data we're collecting. 
To begin, there are two of what I would call boundary conditions for 
toxicological testing. The first boundary encompasses exclusively thelimita-
tions in the experiments themselves and the lack of data. Earlier today 
substantial discussion centered on what experiments can and cannot do. It is 
nonetheless important to state up frotlt that the experiments suffer from 
limi tations that also lead to a very significant lack of certainty: in the 
results. There are always going to be unanswered questions because the data 
is never clear cut. The best way to describe the situation was actually 
suggested by John Doull, at the University of Kansas, who talked about the 
science and the art of toxicology. The "science" of toxicology requires 
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that a specific test system evaluates the effect that specific chemicals have 
on certain animal species during a certain time frame. If you repeat that 
experiment, or someone else does, you should be able to get essentially the 
same results. That's science and it tends to be reproducible. 
However, in the real world as people experience it, you very rarely have 
situations in which you're dealing with that specific dose or that specific 
strain of animal or test system, so you have to extrapolate. Toxicologists 
use what Doull called "art" to make that extrapolation: they guess as to 
what effect any such changes will have on the results. Good toxicologists in 
some ways are simply good guessers. That's important, for the less data we 
have, the more guessing that takes place. Yes, we need more data, but even 
with more data we are always going to have to make that extrapolation. 
Extrapolation puts a very substantial lack of certainty in any conclusion we 
reach, for it means that when we make extrapolations, the assumptions and 
biases of that scientist, toxicologist, bureaucrat or whomever, are very im-
portant and they have to be explicitly understood. But we find that quite of-
ten they are not. In real-life situations, where there are hazardous waste 
dumps, air pollution problems, or water contamination, you are very rarely 
going to have a nice, clear, neat solution. We are never going to have the 
data on that specific chemical or that specific mix of chemicals or that 
exposure level. So simply put, our first significant limitation is that 'a 
test can never identify all the effects or end points. Our second limitation 
is that for example, while the National Toxicology Program (NTP) has spent a 
substantial amount of money and effort looking at carcinogenic potential, it 
has expended less effort in evaluating other toxic end points. As a result, 
end points such as immune system effects, reproductive effects, neurological 
effects, etc., have not received the scientific research that the 
carcinogenic end point has received. The bottom line is that, particularly 
regarding public health effects, you have a very limited database from which 
to draw any· conclusions. This leads to more uncertainty and less secure 
guesses. Unfortunately, the public has been led to believe that scientists 
have a much greater sense of certainty in the scientific data and in their 
conclusions. 
Perhaps the greatest source of uncertainty is the third limitation- lack 
of sensitivity of the experiments. Dr~ Keller talked earlier about such 
problems with epidemiological studies, so I won't repeat that here. But I 
think that it's important that for most substances and most situations, we do 
not have definitive exposure data on humans. In fact, most human 
epidemiological studies as well as other health studies will not show a 
positive correlation between chemical exposure and morbidity. Quite often we 
are faced with the necessity of interpreting. such experiments where 
non-positive results are significantly different than negative results. The 
latter implies safety; the former, lack of knowledge. How you interpret the 
non-positive results is very political, and that's with a small 'p'. Some of 
you who have heard me before know I refer to things in upper case and lower 
case letters, and here I mean '" p " olitical in a very general sense. How and 
what your biases are and what your assumptions are in interpreting those re-
sults can be very, very significant." The public, being aware' of inconclusive 
'epidemiological studies, are worried about those political biases and as-
218 
sumptions. That concern is legitimate because the public bears the risk. 
They also are the ones who will take Political action (with a large P this 
time) to address what they perceive to be these biases and assumptions. Thus, 
the first boundary condition, copsisting of experimental limitations and lack 
of data, insures substantial uncertainty and reliability (e.g. large errors in 
accuracy and precision) in toxicologic data. 
In addition to scientific and political realities actual exposure 
scenarios must be addressed. In the real world, exposure is never as simple as 
one chemical at a time in one medium. This is unfortunate because our entire 
regulatory system is based on the control of a single chemical in a single 
medium, without any meaningful consideration of how these chemicals react with 
other compounds or mediums in the environment---something I would call 
mUltiple exposure effects. To give you a very specific example, the U.S. 
Environmental Protection Agency (USEPA) has spent a number of years attempting 
to develop regulations for the control of the hazardous pollutant benzene. We 
know that benzene is a mutagen and a human carcinogen, so it's generally not 
something you would take that lightly. Yet USEPA doesn't regulate al~ the 
sources of benzene in the air. Benzene emissions from gas stations and 
automobiles, for instance, are uncontrolled. And USEPA has not been able to 
look at benzene emissions from landfills or sludge disposal, which may be as 
significant to the entire population as the few point sources now slated for 
regulation. Additionally, EPA's benzene regulations for air don't even 
consider the fact that there might be benzene exposure from ground or surface 
water. There can be different categories of multiple exposure. I will 
enumerate them briefly because I believe this is the other boundary condition 
for evaluating toxicity testing and toxicological data. It's also important in 
terms of the public's view of regulations and the use of data, since the data 
have to begin addressing mUltiple exposure scenarios if there is to be any 
hope for a solution to the toxics problem. There are three different 
categories of multiple exposure: 1. A single chemical from multiple media, 
such as the case with benzene; 2. Multiple chemicals from a single media 
groundwater contamination, for instance, as in Rockford or the Silicon Valley 
in California (here you have a number of compounds and a single source, such 
as drinking water, through which people are being exposed); 3. Different 
chemicals (multiple chemicals) from a variety of media: the air, land and wa-
ter. This is the most complex situation, and it's going to be the most 
difficult to regulate and control. You 'just have too many variables. The 
design, application and interpretation of toxicity studies will have to 
reflect that the real world is different than that perceived by regulators. 
These are not just simple scientific decisions, because they have a very 
profound and significant health and socioeconomic impact on people, and they 
are not just scientific objective "decisions". 
There has been a tendency in the past to sidestep some of these boundary 
conditi~ns and not to acknowledge that they exist, in effect saying that what 
we have is fine. The whole question of water quality standards is a good 
example. These standards have not been revised in many years, and they are 
based on, old data. The USEPA has opposed quite vigorously attempts to bring 
the kind of tier testing that Dr. de Serres was talking about into the 
regulatory, system and to use it to develop real exposure assessments. 
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Another example of sidestepping, perhaps the most politically biased, is the 
Illinois EPA's tendency to avoid mentioning carcinogens when publicizing 
environmental studies. The IEPA did a study of southeast Chicago, for 
instance, where they found a number of compounds in the air, including 
arsenic, chromium, nickel and benzene. If you read their entire report there 
is virtually no mention of chronic effects these substances produce or of the 
fact that these substances are known human carcinogens. 
This ·leads me to the next section, where I am going to switch hats 
(though some may not even notice the difference since, obviously, my biases 
affect all sections of this paper). I am going to talk about the political 
(small "p") assumptions behind how these results are used. Politics are im-
portant - like it or not - because they ultimately direct everything else, 
in terms of where research money is going to go, how experiments are designed 
and what kind of data the experiments are going to generate. These 
assumptions (or more accurately, assumptions and biases) have been given very 
little attention. As a result, it is my opinion that the assumptions of many 
of the scientists who are doing this research in all sorts of-areas are very 
different from the public's assumptions and the public's perception of its own 
needs and safety. At some point it's going to be essential that these assump-
tions mesh, otherwise we are never going to resolve some very important 
problems relating to the control of toxic substances. Now I want to make one 
thing very clear. I am not saying that either set of assumptions and biases 
is right or wrong. But they are different and they have to be meshed. I think 
both that the public and the scientific community have to understand that 
scientists do make assumptions and do have biases simply because no objective 
criteria exist. Unfortun'ately, what has fed this problem and made it much 
worse is that there are many people from industry, government, academia and 
even public interest groups (I'm not excluding anybody) that encourage the 
myth of objectivity while pushing their own very explicit ends. One obvious 
example is the chemical company that pushes the threshold theory of 
carcinogens on compounds that it sells. This company does not seek to make the 
narrow scientific decision about "are there different mechanisms of 
carcinogenicity?", but obliquely argues that enough is known about those 
mechanisms to reach a regulatory, public health or social decision. Any 
reputable scientist should agree that we don't know enough about the 
mechanisms of carcinogenesis to make regulatory, decisions based on the 
different theories about these mechanisms. The question we scientists can 
help society answer is, "Given the risk from exposure and the uncertainties 
in these theories, what would be a prudent policy decision that would protect 
public health?" Such a direct approach would be honest and understandable to 
those who bear the risk. 
However, the problem runs far deeper than these indiscretions. There are 
also some fundamental assumptions in our current regulatory structure which 
encourage such approaches. For example, let us look at the procedure 
originally developed by the National Cancer Institute (NCI) for performing 
bioassays of carcinogens on rodent species. There are two operative criteria, 
albeit partially taken 'out of context, that are critical. First, the NCI 
says that you must have a statistically significant increase in site-specific 
tumors between the non-exposed control animals and the exposed animals. 
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Second, you need a dose response relationship over the range of exposures. 
Only if both conditions are met can the bioassays be claimed as positive for 
a carcinogen, the NCI asserts. If you examine these assumptions, however, 
what the NCI implies is that it is preferable to~err on the side of producing 
false negatives (negative findings of carcinogenicity) than false positives. 
Simply put, chemical manufacturers rely on this mind set which says "the 
chemical is innocent until proven guilty." Chemicals are, in effect, given 
the same constitutional protections provided people. The benefit of doubt is 
given to the chemicals and not to public health. But I seriously doubt that 
most members of the public would agree with such a policy. If presented to 
them, they would say that this concept is outrageous; yet I think it un-
derlies much of the policy governing the regulation of toxic chemicals that 
has taken place in the last ten years. It is not surprising, then, that the 
public is not supporting the decisions of "official" scientists, government or 
otherwise about what is or is not hazardous or safe. In summary, where does 
that leave us? There are several points: first, we have a situation, in which 
there is limited data, that requires a dovetailing of science and art. 
Second, the data we do have at this point does not really allow us to 
understand or evaluate the kind of multiple chemical exposure in the real 
world. Third, I don't think there is any real consensus about the social and 
political assumptions used for the control of toxic substances. Finally, 
there has never been any recognition that there are political and social as-
sumptions that affect scientists and their decisions. Scientists are often 
put on the pedestal of objectivity. I don't think the scientists have 
recognized this nor have many policy makers, for that matter. 
So given the scientific boundary conditions and the political/social 
reality of "science", there are several possible ways out. Fundamentally, we 
must first address the concerns of the public being exposed. The antithesis 
of that was proposed a couple of years ago by Mr. Ruckleshaus when he tried 
to separate risk assessment and risk management. That would have separated the 
scientists from the real world by giving scientists carte blanche to do what 
they want and interpret it "properly" with the expectation that the public 
will trust, blindly, all of thai: and use only that information to draw its 
conclusions. No one currently trusts or will trust the scientists. More 
importantly, scientists have to understand what the real world concerns are 
and have to be able to take partin developing experiments and generating 
data that addresses these concerns. While I realize that such an approach to 
science would be almost revolutionary, I think that there are four things that 
could be done. 
1. We need to develop a great deal more baseline data on chronic ef-
fects than ,ve now have to insure that the biases of the public have 
an equal footing in setting and determining scientific and research 
protocols. Epidemiological studies, however, will never be able to 
generate appropriate data, except in a few situations. In vivo 
experiments will not be able to generate enough data; therefor"e it's 
going to have to be a battery of in vitro tests. In vitro tests 
will have the greatest likelihood of generating a great deal of 
data; how to use that data, or what the data means is another 
discussion entirely. But you have to have data in the first place 
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before you can make that decision. without that data, we are going 
to be arguing in a void and the public can yell as loud as anybody. 
2. we have to make a very strong effort to develop tests and data which 
look at the effects of real world exposure, especially the effects 
of mixtures. I don't mean to suggest that by looking at mixtures 
that we should only look at ground hamburger or just take the 
effluent from a pipe that goes into a river. That's part of it and 
you have to evaluate that. But we should also look at the 
synergistic and antagonistic effects of chemicals which exist in the 
environment, using a battery of in vitro tests in some sort of 
tiered system. Ten years ago, we may have said that was beyond our 
technical capability, but I don't think we can say that anymore. If 
we don't make any significant effort to develop this kind of data, 
we are going to become more and more out of date and out of step 
with the public; and we'll have more and more problems doing 
anything that involves toxic chemicals because no qne will trust the 
information. 
3. we are going to have to alter the procedures and criteria in 
establishing what is hazardous and what is safe. The policy must 
err on the side of public health. we have to be very explicit about 
that. What was "accepted" over 10 or 15 years ago, or 20 years ago 
in some cases, will not be sufficient for today's better educated 
and sensitized public. 
4. To effect change, we must give up on quantified risk assessment as 
a basis for regulations. A battery of in vitro tests (ranging from 
Ames, to bone-marrow micro-nucleus, to unscheduled DNA synthesis) 
arranged in a tiered testing scheme should be used to get a simple 
yes/no answer. If the potential carcinogenicity, mutagenicity, etc., 
is positive in the tiered test system, you then act to reduce or 
eliminate exposure to the maximum extent possible. The more we 
dawdle, the more we will erode public understanding of what is 
happening and our ability to handle toxic materials, as a society. 
Thank you. 
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ABSTRACT 
The Illinois "Degree-of-Hazard" system, designed under a legislative 
mandate, employs the use of waste stream component identification and 
waste stream characteristics now reported to the Illinois Environmental 
Protection Agency on the "Special Waste Disposal Application." The 
system compares each chemical substance in the waste stream to a series 
of lists, standards or definitions. On this basis, a numerical ranking 
is assigned. For example, in one part of the analysis a chemical 
reported to be lethal to fish in small doses would be given a high 
ranking while one lethal only in .large doses would be assigned a lower 
value. These values are then included in an equation that accounts for 
both the effects as described above and the relative concentration of 
that component in the waste stream. Factors considered are 
carcinogenicity, acute toxicity, aquatic toxicity, biological 
characteristics, infectious characteristics, ignitability and 
flammability and pH. After adjusting for the total amount or volume 
disposed of, a relative degree of hazard. (high, medium, low or 
negligible) ranking is assigned. The study is to be the subject of 
Illinois Pollution Control Board (IPCB) he~rings. 
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Introduction 
An Approach to Assigning a Relative Degree of 
Hazard Ranking to Industrial 1-Taste Streams 
Ms. Wendy J. Garrison 
Even though most scientists are uncomfortable with making definitive 
statements of whether a given chemical (much less a given waste stream) is 
"safe" or "unsafe", those in public agencies are regularly called upon to do 
just that. It is an appropriate request on the part of the public since the 
fact is that the practical problem of what to do with the industrial wastes 
being generated daily will not wait for scientific certainty. When faced with 
the necessity of discriminating among wastes, it is necessary to use the best 
scientific information available, combined with educated judgment. 
In Illinois, a la-~17 (PA83-1268) \l7as passed in 1984 that required, in part, 
that " the Department of Energy and Natural Resources ... complete a study 
of the benefits and feasibility of establishing a system of classifying and 
regulating special wastes according to their degree of hazard. This paper 
will summarize a degree of hazard system that was developed under the 
direction of K. R. Reddy of the Energy and Environmental Affairs Division of 
the Illinois Department of Energy and Natural Resources in Springfield, ynder 
contract to the Hazardous Waste Research and Information Center (HWRIC). 
Background 
2 In Illinois, the term "special wastes" is defined in the statutes to 
include hazardous waste as defined in the Federal Resource Conservation and 
Recovery Act (RCRA); pollution control waste; and industrial process waste. 
An example of a pollution control waste is the material that collects on 
scrubbers used on smokestacks to reduce air pollution. Sludge from sewage 
treatment is another example. The term industrial process waste is very 
comprehensive and includes virtually every waste resulting from any sort of 
manufacturing process. 
Currently the strictest disposal requirements pertain only to RCRA 
hazardous wastes. Pollution control wastes and industrial process wastes are 
subject to stricter controls than is municipal garbage but less strict control 
than. re~uir3d for RC~ hazardous wastes. Spec~al Waste .Disposal Permit 
Appll.catlons are requlred for all three categorles of speclal waste. The 
applications. are supposed to include up to six waste stream components, the 
percent of each component in the waste stream, the waste volume, the pH and 
the flash point of the waste stream. However, non-RCRA special wastes need 
not go to an approved hazardous waste facility. When the Special Waste 
Disposal Permit Applications are submitted to the Illinois Environmental 
Protection Agency, the age~cy exercises its discretion on a case-by-case basis 
as to whether to approve a request to dispose of a given waste stream at a 
given facility. 
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The Problem 
Most concerned parties agree that RCRA does not regulate all waste which 
may pose a hazard to the environment or human health. Therefore it follows 
that it is appropriate for state regulations to be more conservative than 
federal regulations. On the other hand, most would also agree that there are 
some industrial processes that consistently produce wastes that do not warrant 
strict disposal requirements. 
The purpose of the Degree of Hazard System is to provide a basis for 
ranking the relative degree of hazard - high, medium, low,· negligible or none 
- of a waste stream. The ranking can then be used to determine requirements 
for environmentally sound disposal of industrial process and pollution control 
wastes. It is likely (pending the governor's signature of House Bill 3548) 
that by 1988 the Illinois Pollution Control· Board will be required to adopt a 
degree of hazard classification system that can be used as a variance to the 
special waste requirements. The system outlined in this paper is a candidate 
for adoption. 
Other states are also grappling with problems similar to those described 
above, and some have implemented various "Degree-of-Hazard" methods. Other 
systems reviewed in the preparation of the Special Waste Categorization Study 
were those in use in the states of Washington, Rhode Island, Michigan, 
California and Texas, and in addition those developed by JRA Associates and 
the Chemical Manufacturers' Association. Many of the parameters in the 
Illinoi~ system were adapted from the state of \\Tashington system. 
Ease of implementation was 
the Illinois "Degree-of-Hazard" 
the system are: 
one important criterion for the designers of 
System. In this respect, t1:vO advantages of 
1. It relies upon reporting of waste stream 
required for regulatory purposes on the 
Application described earlier, and 
characteristics 
Special Waste 
already 
Disposal 
2. It relies upon toxicity and other information already available in 
the literature. 
Because of this it should not be necessary for the generator to 
additional paperwork nor should it be necessary for the generator 
responsible for the performance of toxicity or other tests. 
Parameters 
submit 
to be 
The parameters taken into account in the degree of hazard system are: 
For each individual component: 
Toxicity 
Mutagenicity and Carcinogenicity 
Acute Toxicity 
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Environmental Fate 
Bioaccumulation 
Persistence 
Solubility 
For the waste stream as a whole: 
Infectious Characteristics 
Ignitability/Flammability 
Leaching Agent Potential 
Biological Characteristics 
The above parameters are considered in two parts. 
The Screen 
The first part of the Degree of Hazard method is a screen. This process 
is intended to screen out wastes that are harmleS's and that therefore do not 
need to be subjected to the full degree of hazard analysis. For each of the 
above paramet~rs, the screen requires answers to some yes or no questions. 
Examples of questions asked "in the screen are: Is any substance in the waste 
stream on the National Toxicology Program (NTP) list of known or anticipated 
carcinogens? Does the waste stream have a pH of above ten? or below four? If 
the answer to any of the questions posed in the screen is "yes," then the 
waste stream must be subjected to the Degree of Hazard analysis to be assigned 
a relative hazard ranking. If all of the questions in the screen have the 
answer of "no", then the waste stream is assigned a "none" ranking. 
The Degree-of-Hazard System 
Individual Components 
Of the parameters listed above, toxicity and environmental fate are 
considered in combination as will be explained later. For example, a chemical 
that is somewhat toxic but not at all persistent in the environment will 
receive a lower final hazard ranking than a chemical with the same toxicity 
but longer persistence in the environment. 
The acute-toxicity characteristics that are considered are Aquatic LC SO (fish); Oral LDSO and Inhalation LCSOCrat); and Dermal LDSO (rabbit). 
Chronic-toxicity lS measured by mutagenlcity and carcinogenicity values . 
. "Under Environmental Fate, bioaccumulation is considered to be a function 
of the octanol/water partition coefficient, which has been shown to be 
positively correlated with the accumulation of chemicals in organisms. 
Persistence refers to how quickly the compound degrades in the environment. 
When information is not available in the literature, a list based on chemical 
structure is used. For example, metals are considered to be highly persistent 
in the environment. Non-halogenated, oxygen-containing simple hydrocarbons 
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(1-4 carbons) are considered, in cases where literature values are lacking, to 
have a low persistence. Solubility in water is considered as an indication of 
the tendency for a chemical to move through the environment. The above are 
considered for each individual component of the waste stream. 
The Waste Stream as a Whole 
Infectious characteristics 
Hospital Waste" from (Title 35, 
State Regulations. 
are based on the definition of "Hazardous 
subtitle G, section 809.901) the Illinois 
Ignitability is based on the flash point (the temperature at which the 
substance ignites under specified conditions) of the lfaste stream as a whole, 
while flammability is based on a specific definition. A flashpoint of below 
2000 F (93.3° C) is an indication of a flammableiiquid waste. 
The leaching agent potential depends upon pH. Biological characteristics 
are indications of whether the waste can be expected to generate objectionable 
or dangerous gases such as hydrogen sulfide or methane. 
Assignment of Values-Toxicity Example 
The toxicity weighting table shows weighting factor levels, which are 
assigned on the basis of the literature value for Aquatic LC50 (Fig. 1). This is the concentration at which 50% of the fish in an exposed test population 
die in 96 hours. It is used as an indication of the re~ative toxicity of 
chemicals. Because aquatic toxicity values vary among species, the v~lue to 
be used in the gegree of hazard is an average value, published by Hahn , and 
found in RTECs. An LC SO of 0.1 ppm indicates a highly toxic compound, which is assigned a weight~ng factor of "A". At the other extreme, an LC 50 of between 100 and 1,000 indicates a lower toxicity and is assigned a value of E. 
At this point we also take into consideration the concentration of the 
waste constituent in the waste stream and enter that value into the Toxic 
Equivalent Concentration Formula according to the weighting factor level. An 
example will serve to illustrate how the system works. 
In the hypothetical example shown in Figure 2, three compounds (X, Y and 
Z) are shown along with the percentage of the waste stream they constitute and 
their assigned weights which are taken from Figure 1. In the toxic equivalent 
concentration formula, the compound (2) with a weight of A and a percent 
composition of 5% is substituted into the equation as a 5. Compound X which 
constitutes 85% of the waste stream but \"hich only has a weight of D is put 
into· the equation as 85 divided by 1,000. Keep in mind that the reason for 
this is that if the chemical has received a low toxicity score the 
concentration is intended to have less effect in the equation. The numbers in 
the toxic equivalent concentration formula are then added ind a numerical 
value is the result, which in the hypothetical example is 5.185. 
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· TOXICITY WEIGHTING TABLE 
Weighting Factor Level Aquatic (Fish) LeSO (ppm) 
<0.1 A 
.B 0.1 - 1 
C 1 - 10 
D 10 - 100 
E 100 - 1000 
Toxic 
Equivalent (%) = A% + ~ B% . + & C% + £ D% + ~ E% . 
Concentration 10 100 1000 10,000 
Figure 1 
Source: Peddy, 1985 
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EXAMPLE 
Compound X 85% of waste stream "weight" of D 
Compound Y 10% of waste stream "weight" of C 
Compound Z 5% of waste stream "weight" of A 
10 85 
Toxic Equivalent Concentration = 5 + + ----- = 5.185 
100 1,000 
Figure 2 . 
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It is then necessary to look at this number in conjunction with the 
amount or volume of the waste stream that is to be disposed of. On the basis 
of volume vs. toxicity the waste stream is assigned a value of 0, 1, 2 or 3 on 
an Accumulative Toxicity Scoring Graph. For example, in Figure 3, the Toxic 
Equivalent Concentration, from the previous step can be located on the X axis 
(logarithmic scale) and the weight of the was§e disposed of annually on the Y 
axis. If the waste weight were 1,000 (10 ) kg per year and the toxic 
equivalent concentration (from our previous example) were 5.185, the value 
assigned by the Accu~ulative Toxicity Scoring Graph would be one. If the 
weight were 10,000 (10 ) kg per year, the Accumulative Toxicity score would be 
two. 
Environmental Fate 
In the degree of hazard system the same sort of analysis as is described 
above for toxicity is done for each parameter under environmental fate 
persistence, solubility and bioaccumulation. For example; if a chemical is 
highly persistent in the environment, it is given a weight of A. Then an 
Environmental Fate Equivalent Concentration is calculated in the same manner 
that the Environmental Toxicity Equivalent Concentration was calculated; the 
Accumulative Environmental Fate Scoring Graph is consulted, and a value of 0, 
1, 2 or 3 is obtained for Environmental Fate, as it was for Environmental 
Toxicity. 
Combining Environmental Toxicity and Environmental Fate 
It is now possible to consider Environmental Toxicity and Environmental 
Fate together (Fig. 4). This figure illustrates that if a waste stream 
receives the highest toxicity value, a 3, then envirorunental fate is not taken 
into consideration. Similarly if the toxicity score is 0 or negligible, 
environmental fate is also not considered. However, if the waste stream 
receives a toxicity classification of 1 or 2, then the environmental fate 
score can affect the "hazard category." For example, a waste stream with a 
toxicity score of 1, and an environmental score of 3 would be assigned a 
'''moderate'' hazard category ranking. 
For those waste streams assigned a "negligible", "low" or "moderate" 
hazard category by the chart shown in Figure 4, there is one more step. (The 
ranking of "high" cannot be altered). In this final step the parameters for 
the waste stream as a whole infectious characteristics, ignitability, 
leaching agent and biological characteristics - are accounted for. If the 
waste stream met any of the definitions mentioned earlier for the above four 
hazard factors, then they are assigned to a hazard category on the basis of 
waste stream volume (Figure 5). The previous hazard category can be raised 
but not lowered by this final step. 
Feasibility of Implementing the System 
The 
system. 
above has been a theoretical description of the degree of hazard 
A study is being done for HWRIC at the University of Illinois 
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108~~~T-----__________________ __ 
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o 
106 
Weight 
(kilograms) 105 
per year 
104 ®. 
103 
102~----~ ____ ~ ____ ~ __________ ~ 
0.01 0.1 1.0 10 100 
Equivalent Concentration (%) 
ACCUMULATIVE TOXICITY SCORING GRAPH 
Figure 3 
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Score: 
Environmental 
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Hazard 
Category: 
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Figure 4 'IOXICI'lY HAZARD CA'IEGORIZATION GRAPH 
Source; Reddy, 1985 
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HAZARD CATEGORIZATION VOLUME TABLE 
Hazard Hazard 
Factor Volume (kg) Category 
Oisease any volume High 
Fire >1200 High 
<1200 Low 
Leaching Agent >1200 Moderate 
<1200 . Low 
Biological >100,000 High 
10,000-100,000 Moderate 
<10,000 Low 
Figure 5 
Source: Reddy, 1985 
233 
Institute for Environmental Studies to determine the feasibility of 
implementing the system on a large scale. The questions being addressed in 
that study are: 
- Are available regulatory data sufficient for purposes of this method? 
- Is sufficient information available in the literature? 
If so: 
How many "non-RCRA" special wastes pose 
a low or negligible degree of hazard 
a medium or high degree of hazard 
How do "RCRA" wastes compare? 
The question of whether or not data acquired for regulatory purposes are 
adequate for use in the Degree of Hazard system is addressed in Figure 5. A 
random sample was taken of both RCRA and non-RCRA waste streams so that at 
least 100 of each could be run through the methodology. The pie charts 
(Figure 6) show that the data are much more complete for RCRA than for 
non-RCRA wastes. Some 75.5% of RCRA wastes in the randomly selected sample (n 
300) had at least one component identified by a specific scientific name 
rather than a vague name (e.g. methylene chloride rather .than "solvent") and 
had an indicated percent composition of the waste stream for that component. 
Only 30.75% (n = 600) of the non-RCRA sample special waste disposal permit 
applications contained that information. 
The further analysis of the information available in the special waste 
disposal permit7applications for RCRA and non-RCRA wastes is documented in an interim report which was submitted as evidence at the Illinois Pollution 
Control Board Hearings on the rewriting of chapter seven and nine of the 
Illinois Pollution Control Board Rules and Regulation. The study will proceed 
to address the next three questions ingicated above. Publication of the final 
report is anticipated in October, 1986 . 
In summary, the Illinois Department of Energy and Natural Resources was 
required by law to design a method for assigning a relative degree of hazard 
ranking ~o Special Waste Streams. The method has been designed and published. 
A study is currently being sponsored by H\V'RIC to determine the feasibility of 
implementing the method on a large scale, and the use of random sampling will 
allow us to predict the number of \",aste streams that could presently be 
analyzed and what additional data are needed from industry to classify their 
wastes. 
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Y(30.7%) 
non-RCRA 
T(1O.3%) 
N(14.2%) 
Y(75.5%) 
RCRA 
Figure 6 
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Figure 6 (can't) 
Y The application specifies at least one component, 
other than "carriers", the concentration of the 
components and can be identified in one of the 
following references: RTECS (Registry of Toxic 
Effects of Chemical Substances), CRC Handbook, 
Merck Index, or Perry's Chemical Engineering 
Handbook. The component can be assigned a CAS 
number. Carriers are defined as common innocuous 
SUbstances; e.g. water, sand, dirt, diatomaceous 
earth. 
T The application did not meet the above criteria, 
but did report results from chemical analysis, 
(usually trace substances). 
N The application did not meet the Y criterion, and 
no laboratory results were reported. 
Source: Plewa et. ale 1986 
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Environmental Hazard Assessment Program/Guidance for Research Needs 
Dr. Richard A. Kimerle and Charles A. Staples 
Monsanto Company 
800 North Lindbergh Blvd. 
St. Louis, MO 
ABSTRACT 
Protection of the envirorunent, and aquatic ecosystems in particular, is 
dependent upon an adequate toxicological data base, estimates or measurements 
of exposure concentration and a wide enough margin between the exposure 'and 
effects concentration. The greater the uncertainties in the data bases, the 
greater the margin of safety must be to assure a good decision on safety. The 
data bases and conceptual approach to decision making needed for pure 
chemicals, complex effluents and hazardous waste are all quite similar. 
Examples and uses of these data bases will be discussed. 
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Dr. Richard A. Kimerle and Charles A. Staples 
It is my purpose in this workshop on ecotoxicology to explain a few of 
the concepts of environmental hazard assessment that we have found useful, 
show how they are applied in some regulatory arenas, take a look at one case 
history where the principles have been applied to solve a ground water 
contamination issue and point out a few of the research needs. 
First, I would like to commend the State of Illinois for holding this 
ecotoxicology workshop. An excellent array of speakers have been brought to-
gether in a very interesting series of sessions. The information presented in 
the workshop should be very helpful in guiding the State's program to spend 
-research dollars appropriately. I have reviewed the publication Chemical 
Safety An Agenda For Continued Progress in the Control of Toxic Pollutants] 
and found some very appropriate philosophical statements that are wortfi 
repeating here. They are: 
"An Agenda for Progress Providing safety from toxic chemical 
substances is not possible without developing an understanding of what 
this really means in practical terms. This need is best satisfied by 
refined program ~equirements which serve to eliminate unreasonable risk 
of adverse effects on human health and the environment from exposure to 
toxic pollutants." 
"The State (Illinois) faces a dilemma common to other industrialized 
states; that is, reaping the economic benefits of manufacturing and using 
chemical substances while the same time controlling adverse impacts 
caused by some of these substances." 
"Is toxicity being eliminated in the broadest sense? Answering these 
questions does not appear possible utilizing only chemical testing. Pre-
venting toxic impacts from chemical substances implies use of biological 
performance criteria as well ... in fact, in many instances the use of 
biological monitoring procedures may prove to be the more cost-effective 
approach to regulation of complex mixtures of chemical substances." 
"While there is adequate justification for moving ahead on controlling 
taxies, we are not alarmist about the current situation given the sig-
nificant degree of protection largely in place. Rather there is a need 
for a carefully developed and practical prog~am directed towards the 
achievement of '.chemical. safety' ." 
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The State of Illinois program obviously recognizes the problem that 
resources are limited; therefore decisions must be made on where, when and how 
much effort will go into the numerous environmental issues. The thesis I 
would like to explore in this workshop is that many of the concepts, tools and 
techniques are already in place to (1) define toxicity, (2) assess exposure 
and (3) make decisions on.the hazard/safety/risk associated with chemicals in 
the environmental media of air, water, groundwater and soil. 
Definitions 
Before going any further I find it appropriate to define a 
These definitions are consistent with current thinking of at 
environmental scientists. 
few terms. 
least some 
Toxicity - the inherent property of a pure chemical to cause adverse ef-
. fec·ts on organisms at some concentration over some exposure dura-· 
tion. It is measurable with error limits and does not change for a 
given chemical. 
Chemical Fate - how the environment affects the concentration and form of 
a chemical through time and space. It can be degraded, diluted, 
partitioned into air, water, soil, and biota, and/or chemically 
complexed. Physical/chemical properties define the potential fate 
of a chemical in the environment. 
Exposure Concentration - the estimated or measured concentration of a 
chemical in an environmental compartment. This exposure concentra-
tion may either be totally or only partially available to biological 
organisms but will be toxic if and when the available concentration 
reaches the critical inherent toxic concentration. 
Margin of Safety - the ratio of the no-effect concentration to the 
exposure concentration. 
Hazard Assessment or Hazard Evaluation - the scientific 
analyzing and judging the adequacy of the relationship 
toxicological effects and exposure concentrations, i.e. 
of safety. 
process of 
between the 
the margin 
Risk Assessment - introduces the concept of probability of exposure to 
the relationship between the toxicological effect and exposure 
concentration. 
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Important Concepts and Principles 
Of primary importance to any cost effective program in environmental 
safety is a good understanding of how to use the concept of margin of safety. 
No rational decision has ever been made, nor will it ever, without the use of 
this concept. The margin of safety is nothing more than the ratio of the 
concentration which is believed to cause no adverse effect divided by the 
exposure concentration. A chemical with an extensive toxicological data base 
and a chronic no effect concentration of 1 mg/l and an exposure concentration 
of 0.01 mg/l has a margin of safety of 100. All other things being equal, the 
above chemical should receive a lower priority for resources than a situation 
where the exposure is 0.2 mg/L and the margin of safety is only 5 (1.0 mg/L 
0.2 mg/L). 
A secondary factor that must be incorporated into the use of the· margin 
of safety concept is that of uncertainty associated with a data .base on 
toxicity and exposure. .When greater uncertainty exists in the toxicity and/or 
exposure data base, perhaps because not enough or the right· k~nd was 
available, then a greater margin of safety is needed to make a confident 
decision on safety. In some cases a decision may simply be to require more 
resources to improve the data bases thus reducing uncertainty so that a sound 
safety decision can be made. To not understand these above principles and use 
them in all environmental issues leads to poor utilization of resources and 
more importantly potentially unsound decisions on environmental safety. 
At Monsanto we have come to rely upon the use of environmental 
toxicological data using algae, invertebrates and fish for pure chemicals and 
mixtures in hazardous waste site and effluents. For exposure we have an 
active program in chemical fate modeling to predict concentrations of 
chemicals from the production, use and disposal and a monitoring program to 
sample and measure chemicals in the environmental media of air, water, 
groundwater and soil. An important part of our program is to be able to take 
our studies to the field when necessary. For this we use our mobile aquatic 
bioassay laboratory, air sampling trailer and field equipment to conduct 
ecological studies. 
Regulations 
Data from laboratory and field studies are 
to support our needs in regulatory issues. 
agencies use the data varies considerably. 
Water Quality for Aquatic Life 
used in in-house programs and 
The wfY in which regulatory 
The establishment of a water quality criterion for specific chemicals, 
or a concentration of a chemical in water which if not exceeded will protect 
aquatic life, was established over 20 years ago. Functionally, it is an at-
tempt to collect laboratory data on acute and chronic toxicity and 
bioaccumulation on a single chemical and then set a national target or goal 
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for all waters which should not be exceeded in order to protect all forms of 
aquatic life. States then convert a water quality criteria into an enforce-
able standard. The latest method published by the EPA to derive water quality 
criteria is quite comprehensive [2]. It requires conducting at least eight 
acute toxicity tests in eight different invertebrate and fish taxonomic 
families, some specific, for both fresh and salt water organisms. The number 
of chronic tests are not specified but an adequate chronic data base is re-
quired, probably three to eight species. Final acute and chronic values are 
evaluated in a statistical operation. Additional data are required on algae 
and vascular plants and on bioconcentration. Ultimately an average criterion 
and maximum criterion are then calculated. The total cost of generating the 
toxicological data base with supportive analytical work could easily be 
$200,000 to $400,000. 
The water quality criterion data base is in no way a hazard assessment. 
It is only a toxicity data base that sets the goal for the concentration which 
if not exceeded is assumed to protect aquatic life. In essence, the EPA's 
water quality criterion approach sets a pdlicy of accepting that the margin of 
safety for a chemical need only be one or greater on a chronic data base. 
Furthermore, there is no evidence to suggest that a margin of safety of one or 
greater is causing any problem for aquatic life. In fact it seems to be 
overly protective because of'the mitigating effects of the environment which 
effectively reduces the biologically available concentration below that of 
measured total concentration. Another important feature of the water quality 
criterion approach is that laboratory derived toxicity data on individual 
populations, when extrapolated to the field, is sufficient to protect complex 
ecosystems. In other words you don't need complica~ed multispecies data, 
microcosms or real-world field studies to derive a safe concentration for the 
protection of aquatic life and ecosystems. 
One of the problems with the water quality criterion approach to 
regulation of chemicals is "which chemicals deserve to be classified as being 
of true national .concern thus requiring all the data?" An additional problem 
is that some regulatory agencies are defaulting to the water quality data base 
when they should be using hazard assessment [3,4,5]. With some knowledge of 
exposure potential or measured exposure there is no reason to require any 
more data than is necessary to determine if the margin of safety is adequate 
[6] . 
TSCA's PMN Process 
In a program parallel in intent to the water quality criterion approach, 
the Office of Pesticides and Toxic Substances, Environmental Effects Branch, 
attempts to "estimate levels of a given compound which, if met or exceeded in 
the environment, could cause adverse effects" [7,8 J. Hmvever, the.ir approach 
is different. They use state-of-the-art hazard assessment principle of inte-
grating toxicological effects data with exposure estimates in sequential 
tiers of data collection. They recognize and manage ·the inherent uncertainty' 
of a data base when it is less than the complete water quality criterton data 
base. 
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Data required in the Pre-Manufacture Notification (PMN) process follow a 
tiered approach. Initially you can start with a single acute or an estimate 
of toxicity derived from a quantitative structure activity relationship (QSAR) 
and if the margin of safety is adequate (greater than 1,000) no additional 
data may be required. However, if the margin of safety is not adequate more 
acute, chronic or even field data may be requested. The needed margins of 
safety are reduced from 1,000 to 100 to 1 as you go from single species to 
mUltispecies to chronic to field data, respectively. Whether or not these in-
cremental data are needed is driven by the relationship of effects and expo-
sure concentrations. 
Effluents Bioassays for NPDES Permits 
The system being proposed by the Environmental Protection Agency to con-
trol toxic discharges in effluents utilizes the concept of hazard assessment, 
tiers, margins of safety for decision making and manqging the uncertainty of 
the data base [9]. A problem unique to effluents is that they are mixtures of 
chemicals that can be present in various amounts at different times. Unlike a 
pure chemical, effluents vary in toxicity bringing in another variable which 
leads to more unc~tainty. Uncertainty of the data base is dealt with in a 
manner similar to the PMN process. With an incomplete acute toxicity data 
base the margin of safety must be larger than when numerous acutes, 
mUltispecies acutes and chronic data are available. 
Case History Hazardous Waste Site Clean-Up 
A spill of formaldehyde from a pipe was discovered in October 1983 at a 
manufacturing site. Ground water investigation revealed that much of the 
formaldehyde was trapped within a clay till layer eight feet below surface at 
a concentration of up to 9% by weight. The formaldehyde was leaching out of 
the unsaturated zone and moving into the saturated zone. A remedial action 
plan was begun that involved the oxidation of formaldehyde with injected 
hydrogen peroxide coupled with pumping withdrawal and reuse of surrounding 
contaminated groundwater. 
In the development of any hazardous waste site/ground water remedial 
program, one issue that must be addressed is "When is the remediation 
finished?" or "How clean is clean?". In the case of the above formaldehyde 
spill the specific question was how much formaldehyde can remain in the clay 
till such that leaching of the formaldehyde to groundwater with subsequent 
degradation, dispersion and transport to a down gradient surface water with 
dilution would result in toxicologically safe concentrations for both humans 
and aquatic life. A remedial action endpoint of 100 ppm formaldehyde was 
predicted to achieve these human and environmental health goals using. 
classical hazard assessment methodologies. 
Two-dimensional solute transport ground wa·ter modeling wa·s used to 
predict concentrations that may discharge into a downgradient river. 
Hydrologeologic features including water level gradients, dispersitives, 
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hydraulic conductivities, porosity and aquifer material density were measured 
at the site and in the laboratory. Hydrologic parameters were coupled with a 
calculated leaching rate and formaldehyde biodegradation rates for estimating 
downgradient solute transport times and concentrations. Formaldehyde entering 
surface waters would be diluted by appropriate stream flows to yield instream 
formaldehyde exposure concentrations. Resultant modeled formaldehyde river 
concentrations were then compared to the acceptable environmental 
concentration of 40 ppb (0.040 mg/L) [11]. A concentration of 100 mg/L at the 
source was judged to not interfere with the natural microbial degradation of 
subsurface residual formaldehyde. Using this maximum allowable 100 mg/L 
source concentration and very conservative worst case model input values, the 
downgradient river's edge formaldehyde concentration was calculated to be 99 
mg/L. The instream concentration after mixing with river flow was 0.004 mg/L. 
The 0.004 mg/Lor 4 ppb was less than the required 40 ppb using conservative 
worst case modeling inputs yielding a margin of safety of at least 10.0. 
The remedial action to date has resulted in an actual measured 
groundwater source concentration of 1.0 mg/L, 100 times less than actually 
desired. Therefore, river's edge formaldehyde concentrations were predicted 
to be 0.99 mg/L and instream concentrations were 0.00004 mg/L or 0.04 ppb. 
Instream concentrations yielded a margin of safety in the receiving stream of 
1000. If we were to include some of the additional attenuation processes 
(biodegradation, adsorption, etc.) taking place between the source and the 
river, then the margin of safety would even be larger. 
Use of the "how clean is clean" endpoint helps to focus avaiJ-able 
resources (personnel, equipment, time, dollars) on the necessary remediation 
to a problem. Required remediation of ground water beyond the plan discussed 
for the problem presented here would have been more costly and not 
significantly improved protection of human or environmental health. This 
study reports on a technically sound workable solution to a leak of a 
manufactured material. The approach was innovative, engineering-wise 
practical, cost effective and highly successful. The in-city treatment 
coupled with natural subsurface attenuation mechanisms yielded a rapidly 
attainable endpoint that was more than adequately protective of human 
environmental health. Personnel involved investigated a potential human 
health problem, developed and successfully executed a remedial action and used 
a technically defensible "how clean is clean" endpoint to that remediation. 
Clearly this technology is here to stay. These techniques can and should be 
applied to virtually all types of envirorunental problems. In all such cases 
"how clean is clean" endpoints are required to successfully remediate the 
situation. 
FUTURE RESEARCH NEEDS 
As the State of Illinois program evolves 
themselves to expend resources in different areas, 
considered. 
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and opportunities present 
I suggest the following be 
Personnel 
As the science of environmental management and regulatory affairs becomes 
more technical there is a greater need for highly qualified personnel. State 
regulatory agencies need to be able to attract and keep professionals with the 
needed expertise. 
Professional Involvement 
A need exists to have professional environmental engineers and scientists 
involved in the new emerging technologies. I see a distinct program advantage 
being gained by the regulatory agencies, industries and universities that have 
the commitment and funding to support their people attending and being 
involved in professional meetings, workshops and training seminars. This 
gives them the understanding and tools to utilize state-of-the-art science and 
engineering which the citizens deserve in their regulatory programs. 
Exposure Assessment 
A current need exists to improve our understanding about chemical 
exposure in our environment. Chemical fate modeling is an important new area. 
It is being used more and more in decision making (i.e. NPDES waste load 
allocation and new chemical introductions). Actual measurement of chemicals 
in the environment often leads to confusion in interpreting what the numbers 
mean because of all the variation. Therefore effort is needed to establish a 
sound understanding of chemicals in our environment (man-,made, natural, 
background, "hot spots"). 
Toxicological Data and Methods 
Much data· exists in the published literature yet it goes unused. New 
computer information and data base services are now available at very low 
cost. To not utilize these very cost effective systems on an everyday basis 
is not a very wise use of resources. Every effort should be made to make sure 
that the world's data, which is available at the fingertips, is used by 
technical personnel in their everyday work. 
Many environmental methods exist to test for clinical effects using 
organisms from bacteria to fish. Every researcher has published on his or her 
favorite test and species. We should make better use of a few of our good 
tests and quit inventing new ones. An exception is if the same data can be 
obtained in a shorter term test then it ~ay have a place in the battery of 
tests. What ever tests are used they should address the key need of defining 
the toxicologically safe concentration. 
SUMMARY 
. The time has come for industries and r'egulatory agencies to obtain their 
confidence in their decision making on the aquatic safety of a chemical not 
from the size of the data base but the magnitude of the relationship between 
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the exposure concentration and the toxicological no effect concentration. Re-
sources are limited and the need exists for decisions to be made on thousands 
of chemicals. Capabilities are now in place to understand chemical processes 
so that exposure concentrations can be predicted with models, analytical tech-
niques can measure chemicals in various environmental compartments at very low 
concentrations, and aquatic toxicity testing methods are available which pro-
vide good results at less cost. Uncertainties associated with less than com-
plete data bases on exposure and toxicity are being defined. 
Much work needs to be done yet on establishing 
associated with various amounts of data on exposure 
conceptual approach discussed here has proven to be 
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the degree of 
and effects. 
useful. 
uncertainty 
However, the 
1. 
2. 
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Research Needs in Environmental Toxicology 
Dr. James A. Fava 
Battelle, Columbus Division 
505 King Ave. 
Columbus, OH 
ABSTRACT 
Biological tests, and in particular toxicity tests, are being used with 
increased emphasis to evaluate the impact of chemicals and complex mixtures to 
the environment. Toxicity tests are used to register new products, to 
determine environmentally safe levels for single chemicals and to assess the 
effects of wastes to receiving water bodies. A trend in environmental testing 
is from single chemical testing to tests with complex mixtures. 
The purpose of this presentation is to identify and discuss issues 
associated with the use of toxicity testing. Issues to be discussed include 
historical trends in water quality, potential applications of toxicity tests, 
approaches to control toxics in NPDES discharges, use of the hazard assessment 
concept, and strengths and limitations of chemical and biological approaches. 
As these issues are discussed, research needs will be identified. 
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Dr. James A. Fava 
Introduction 
The objectives of this paper are to discuss the research needs in the 
environmental toxicology area as they relate to the uses and interpretations 
of toxicity test results. The specific technical topics to be addressed 
include the potential application of toxicity tests, the hazard assessment 
concept, EPA's approach to control toxics in NPDES permits, and the advantages 
and limitations of chemical and biological approaches to assess impacts of 
complex mixtures on the environment. The paper concludes with a list of six 
suggested areas of research in the environmental toxicology area. These 
suggested areas summarize research needs identified during the discussion of 
the four specific technical topics. 
The underlying premise behind the research ideas suggested is the need to 
prioritize our research efforts. We must realize that we have limited 
resources to conduct all possible research programs. Prioritization of 
programs requiring more immediate attention will help us utilize our research 
dollars wisely. This should lead to a maximization of our abilities to 
provide protection to ourselves and the environment. 
Potential Applications 
The use of toxicity tests (e.g, fish and invertebrate tests) has 
increased over the last three decades,. Three major uses exist: registration 
of new products (i.e. toxic chemicals and pesticides), determination of 
environmentally safe levels for single chemicals (i.e. water quality criteria) 
and assessment of potential effects of wastes and/or complex mixtures to 
receiving water bodies. 
With the passage of the Toxic Substances Control Act (1976) and the 
Federal Insecticide, Fungicide and Rodenticide Act (1976), EPA developed 
environmental test guidelines which present procedures to follow to obtain 
data to re-register or register chemicals or pesticides. These test 
guidelines include environmental fate tests (e.g., octanol/water partition 
coefficient, hydrolysis, and anaerobic and aerobic biodegradation studies), 
environmental effects testing (e.g., acute and chronic mammalian tests) and 
health effects studies (e.g., acute and chronic mammalian tests). Toxicity 
tests provide data to assess the potential for short- and long-term effects on 
aquatic organisms. 
A second use of toxicity tests has been the generation of data for use in 
deriving environmentally safe levels (i.e., water quality criteria) for single 
chemicals. Water quality criteria by definition are levels of a chemical 
which if not exceeded in the environment would provide protection for the 
maintenance and propagation of aquatic life. EPA's national guidelines for 
deriving water quality criteria for the protection of aquatic life established 
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a defined set of acute and chronic tests (Stephan, et al., 1985). 
the results of acute tests on organisms representing at least eight 
genera are required. Chronic data for approximately three species 
needed. Laboratory toxicity tests are used to provide estimates 
levels for chemicals. 
Generally, 
different 
are also 
of safe 
A third use of toxicity tests has been in assessing the effects of 
particular wastes or complex mixtures to recelvlng water bodies. EPA 
developed a policy (Federal Register, March 9, 1984), which presented an 
integrated approach to control the release of toxic chemicals from point 
source discharges. EPA's integrated approach incorporated both chemical and 
biological (effluent toxicity tests) techniques. Additionally, EPA developed 
technical guidelines on how water quality based permit limits could be 
established for controlling toxics in NPDES permits (EPA, 1985). The 
technical guidelines specified the use of acute and chronic effluent toxicity 
tests to assess the potential effec·ts of complex effluents to the receiving 
water body. Toxicity tests have also been used to assess the potential 
impacts of sewage sludges and dredged materials. 
Hazard Assessment 
The hazard assessment concept is a general theme' that has been used 
thro~ghout many of the applications of toxicity tests. The hazard assessment 
process has been analyzed by Cairns, et al., (1978); and Dickson, et al., 
(1979). Maki (1980) reviewed the basic philosophical background and 
methodologies. In this process, t,",o parallel lines of investigation occur to 
estimate the highest concentration producing no biological effects (No 
Observable Effect Concentration (NOEC» and the highest expected environmental 
exposure concentration (EEC). The NOEC is, theoretically, that concentration 
that can be determined to have no adverse effect on survival, growth or 
reproduction of aquatic organisms. The EEC is that concentration that would 
result from normal anticipated use of either the chemical or the waste during 
manufacture and transport. Figure 1 conceptually illustrates the relationship 
between the NOEC and the EEC. 
For the process to work, one requires accurate estimates of the NOEC and 
the EEC so that a co~parison between them .can be made. This relationship can 
be used to determine the margin of difference between the NOEC and the EEC. 
When the EEC is less than the NOEC the waste can be given a low ranking 
relevant to the potential for environmental impacts in the recelvlng water. 
On the other hand, if the EEC is greater than the NOEC then the waste might be 
given higher priority due to the greater potential for environmental impacts. 
Another aspect of hazard assessment is a tiered testing scheme. At 
initial tiers, relatively simple fate and effect tests (e.g. acute toxicity 
tests) are conducted. During these tiers, there is a greater degree of 
uncertainty associated with the estimates of the t,vo levels. As additional 
data are -required and generated, more complex testing occurs. With the 
increased level of testing indicated by the increased sequence of testing in 
Figure 1 (1 to 6), the level of uncertainty (or confidence intervals on 
Figure 1) may be reduced. At each tier, the results are evaluated to 
251 
w 
~ 
en 
< ~ 
u. 
o 
z 
o 
i= 
< 
a: 
... 
2 
w 
U 
2 
o 
U 
HAZARD ASSESSMENT CONCEPT 
(MODIFIED FROM MAK11979) 
" CONFIDENC! INTeRVALS 
........ 
....... ---HIGHEST WAST! --
CONC!NTRATIDN '''' -.- . .--
PRODUCING NO SIOLOGIC~L. ___ - -
EFFECTS ___ ---
.,....,---),< CONFIDENC! INTERVALS 
........ 
""' ...... 
HIGHEST EXPECTED --- __ 
eNV'RONMeNT~L - __ 
CONceNTRATION, %1 __ - - - -
----...... ...",-
1 2 3 4 5 6 
INCREASING CONFIDENCE IN ESTIMATES 
Figure 1. Hazard Assessment Concept 
(Modified from Maki 1980) 
252 
determine whether additional testing might be required. A criterion that is 
often used for determining whether additional data are necessary is the margin 
of safety, i.e., the relationship between the estimated exposure concentration 
and the no observable effect concentration. 
Scientists have proceeded reasonably well with laboratory based research 
with techniques and methods to identify the no observed effect level. Acute 
and chronic toxicity tests have been developed to the point where they are 
being used more and more. Additional research is needed to refine our 
techniques in the area of ecological risk assessment. A greater research need 
exists in defining more accurately the expected environmental exposure 
concentration in the field. This area requires information on transport, 
transformation and ultimate fate of chemicals or mixtures in the aquatic and 
terrestrial environment. Water quality modeling also plays a key role in 
exposure analyses. Together, the models and envirorunental fate will increase 
the predictability of actual exposure. 
EPA's Application of the Hazard Assessment-Concept 
EPA's Technical Support Document (EPA, 1985) for controlling toxics in 
NPDES permits will be used as an illustration. EPA's approach consists of a 
tiered scheme to determine whether an effluent will have an impact to aquatic 
life and whether additional controls are necessary to reduce any potential 
receiving water impacts (Figure 2). EPA's approach presents guidelines to 
prioritize water bodies and dischargers based upon several factors including 
water quality standards (EPA's Section 2), effluent toxicity tests and initial 
dilution analysis (EPA's Section 3). A possible outcome of this approach 
would be a determination that a discharger may be impacting the aquatic life 
in a water body. The discharger may be asked to conduct an evaluation to 
determine the causes of the impacts (EPA's Section 6). This evaluation is 
called a toxicity reduction evaluation (TRE). It includes an examination of 
individual plant processes and treatment practices to determine the cause of 
toxicity and then to identify, develop and apply process or treatment 
modifications to reduce the toxicity. 
The hazard assessment approach as applied in the Technical Support 
Document (TSD) provides several areas where decisions can be made toward 
establishing priorities. These decisions include: (1) the establishment of 
priority water bodies based on water quality standards, and (2) the 
prioritization of dischargers based on the results of data gathered through 
various tiers using dilution and uncertainty analyses. The use of the 
dilution and uncertainty analyses provide examples of how this prioritization 
might occur. 
Screening based on dilution and uncertainty analyses both incorporate the 
recognition that the estimates of effects have a' degree of uncertainty. The 
more limited the data base, the larger the uncertainty in the estimates of the 
NOEC and the EEC. EPA (1985) presented and discussed the rationale behind 
three sources of uncertainty (effluent variability, species sensitivity and 
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Table 1 
UNCERTAINTY FACTORS - DEFINITIVE DATA GENERATION (TIER 2) 
Uncertainty 
Source 
Effluent variability 
Species sensitivity 
Acute-chronic ratio 
Source (EPA, 1985) 
Uncertainty 
Factor 
10 or 100 
10 
10 
Elimination of 
Uncertainty Factors 
Testing depends upon long-
and short-term variability 
Long-term - undefined 
Short-term - 4-6 samples/monthly 
for one year with two .species 
Acute tests with 3-5 species 
Chronic tests with 3 tests 
acute-chronic ratio). When sufficient data are not available to adequately 
characterize each variability for a specific effluent, EPA (1985) recommended 
uncertainty factors (Table 1) that have been developed for use in the complex 
effluent program. 
The first screening level used is to determine whether a discharger 
should receive further attention based on dilution (Table 2). The use of 
10,000 to 1 dilution screening level appears to have been hased on the 
uncertainty of 10,000; i.e. 100 (effluent variability) x 10 (species 
sensitivity) x 10 (acute-chronic ratio). Depending upon the ratio of the 
river flow to effluent flow various testing recommendations are provided. As 
the ratio gets smaller (e.g., less than 100:1) definitive data generation may 
be required which would include acute and/or chronic toxicity tests. 
The second approach is the use of uncertainty factors during the 
definitive data generation phase (EPA's Section 3) of the overall assessment 
(see Figure 2). The basic relationshi~ that is followed is the margin of 
safety (i.e. relationship between the NOEC and EEC). To incorporate the 
degree of uncertainty the following relationship was proposed by EPA (1985): 
where: LC50 IWC 
LC SO (% effluent) > level of uncertainty 
- IWC 
concentration which causes 50% morbidity to the test population 
instream waste concentration 
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IWC is the estimated concentration that would be expected to occur under 
fully mixed conditions. The level of uncertainty is the product of 
mUltiplying the appropriate uncertainty factors together: When the LCSO/IWC 
is greater than the level of uncertainty that discharger could be given a low 
priority. If the value is less than the level of uncertainty then additional 
testing might be required. EPA (1985) presents a more detailed discussion on 
the use of uncertainty factors. 
To illustrate how these uncertainty factors are used, the following 
example is presented. Table 3 illustrates the decision process assuming two 
separate dischargers, one with an LC SO value of 40% effluent and the other 
with an LCSO value of 4%. For the fac~lity with the 40% LC SO ' the LCSO/IWC is greater tnan the level of uncertainty which would mean a low prior~ty for 
further testing. However the facility with an LC
sO of 4%. resulted in a 
condition where further analysis would be warrantea. If this process was 
continued by conducting acute tests on three to five species, and the lowest 
LC SO value was still 4%, then the species sensitivity uncertainty factor 
Table 2 
SCREENING PROCEDURES AS PRESENTED IN EPA'S TSD 
Estimated Dilution* 
> 10,000 
< 10,000 
1,000 to 10,000 
< 1,000 
< 100 
Recommendation 
Low probability of effects 
Toxicity screening performed 
Acute testing ~ 100 percent 
effluent with fish and Daphnia 
4-6 effluent samples (grab) 50 
percent survival-cut off point 
Chronic testing: 
7-day chronic tests 
Composite sample 
50 percent effect/cut off point 
*Dilution Defined: River Flow divided by Effluent Flow 
Source: EPA, (1985) 
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(Table 1) could be eliminated. In this situation the level of uncertainty 
would be a hundred. As a result the discharger mIght be placed into a low 
priority for further analysis instead of a situation where further analysis 
might be necessary. This illustrates how the relationship of the estimated 
exposure concentration and the NOEC can be used in establishing priorities for 
evaluating impacts of various dischargers. 
Discharger 1 
Discharger 2 
TABLE 3 
ILLUSTRATIVE USE OF UNCERTAINTY FACTORS 
If LC SO = 40% 
IWC = 0.03% 
Level of uncertainty = 1,000 = 10 (variability) x 
10 (species sensitivity) x 10 (acute-chronic ratio) 
Then 40 = 1,334 > 1,000 
0.03 
Therefore, low priority for further analysis 
If LC SO =4% 
Then 4/0.03 = 133 < 1,000 
Therefore, further analysis would be warranted 
Chemical by Chemical vs. Biological Approaches 
Another relevant topic to assessing impacts due to complex mixtures is 
the use of chemical-by-chemical approaches and biological or toxicity 
approaches. Each has distinct advantages or disadvantages as shown in Table 
4. EPA (1985) recommended that an integrated approach would be the most 
appropriate in many cases to control toxics in point sources. The integrated 
approach would use elements of both the chemical-by-chemical and biomonitoring 
approaches. The limitations of the biomonitoring approach identified in Table 
4 present two areas of research in the environmental area. One area where 
research is needed is the development of toxicity treatability data and the 
approqches to reduce or control toxicity. Toxicity identification evaluations 
and toxicity reduction evaluations are key components. The success of· EPA's 
water quality based permitting approach will be, in part, the acceptance and 
development of valid approaches to reduce toxicity in the effluent and to 
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Table 4 
ADVANTAGES AND DISADVANTAGES OF 
CHEMICAL AND BIOLOGICAL APPROACHES 
Chemical-by-Chemical 
Advantages 
• Treatment systems are designed more easily to 
meet individual chemical requirements. 
• Chemical analyses, in simple cases, may be less 
expensive than toxicity testing. 
• Specific problem chemicals, such as carcinogens 
or bioaccumulative chemicals, can be directly 
limited. 
Disadvantages 
• All potential toxicants in complex wastewaters 
cannot be identified, and control requirements 
for each cannot be set. 
• The bioavailability of the toxicants at the 
discharge site are not assessed, and the 
interactions between toxicants are not measured. 
Biomonitoring 
Advantages 
• The toxicity of all effluent constituents are 
measured and toxic effect can be regulated using 
one parameter: toxicity. 
• The bioavailability of the toxic constituents is 
assessed and the interactions of constituents are 
accounted for. 
Disadvantages 
• Toxicity treatability data are generally lacking 
and treatment engineers are unfamiliar with the 
procedures. 
• The procedures generally do not measure 
bioaccumulation ~r human health effects. 
Source: Modified from EPA (1985) 
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illustrate that the reduction has significantly improved the quality of the 
receiving water body. Another area of research is the development of methods 
and their validation for evaluating potential human health or bioaccumulation 
impacts associated with complex mixtures. Traditionally, approaches have 
focused on single chemicals; additional efforts in developing tools to be used 
with complex mixtures are needed. 
Suggested Areas of Research 
Six primary areas of research are suggested in this paper (Table 5). 
Research in many areas is needed, but it is recognized that not all research 
topics can be addressed concurrently due to resource limitations. The 
suggested research ideas presented here represent an attempt to prioritize 
research needs in the environmental area. Also, additional ideas are 
identified here which were not developed in detail throughout -this paper. 
They are included because they represent research directions which may be 
worthwhile to explore to more fully understand the impacts of chemicals and 
complex mixtures on the environment. 
1. The hazard assessment concept should be evaluated as to its 
application for assessing impacts and prioritization of wastes such 
as ,hazardous waste, sewage sludges and dredged materials. The 
hazard assessment concept, initially developed for the registration 
of new chemicals, has been applied to prioritizing and assessing 
impacts associated with effluents. Its extension toward other 
complex mixtures should be evaluated, refined and validated. A 
value of this type of approach is that it provides an interactive 
framework which could drive future research and assessments. 
2. Additional approaches should be investigated to more accurately 
define environmental exposure and fate of chemicals released in the 
environment. Environmental fate procedures such as biodegradation 
methods should be further developed, tested and validated. Also, 
approaches to assess impacts to terrestrial systems should be 
further explored. 
3. Approaches to assess overall impacts of complex mixtures to the 
environment should be developed. Incorporation of environmental 
risk management concepts into controlling the release of complex 
mixtures should be explored. Particular emphasis should be given to 
minimizing overall risk by recognizing multimedia considerations. 
4. Techniques to identify the cause of toxicity in complex mixtures 
should be further developed and validated. Depending upon the 
nature of the toxicity, a variety of approaches may be needed. 
5. Integrated techniques (e.g. toxicity reduction evaluations) which 
can reduce the toxicity of complex mixtures need to be examined. 
Multidisciplinary skills in toxicology, chemistry, engineering and 
biology may be required. 
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6. As waste water treatment systems become more essential for the 
treatment of chemicals in the environment, techniques on how 
chemicals will affect the operation of a publicly owned treatment 
work and whether the chemicals are effectively removed should be 
examined, tested and validated. Holistic approaches to toxic 
control in wastewater treatment system are needed to minimize 
overall risk to the environment. 
Over the past three decades we have made great strides in our pollution 
control efforts. The implementation of the research ideas identified during 
this conference will also increase our understanding of the potential fate and 
effects of single chemicals and complex mixtures. Also, as efforts are made 
to control the release of chemicals from existing and past pollution 
activities, our future research efforts should focus on the design of 
treatment and process systems to minimize production of wastes and thus 
minimize the overall risk to the environment. Environmental assessment will 
play a greater role in the future in evaluating the usefulness of new 
technologies and tieatment processes. 
Table 5 
AREAS OF SUGGESTED RESEARCH 
Application of hazard assessment concept to complex 
mixtures 
Further develop complex mixture terrestrial and 
biodegradation methods, test, arid validate 
Further investigate· methods to identify cause of 
toxicity in complex mixtures 
Examine integrated techniques to reduce toxicity in 
complex mixtures (e.g. TRE's) 
Investigate effect of chemicals on operation of POTW 
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Appendix A 
Biographical Sketches of Speakers 
DiHalIlbro 1 Richard , 
Mr. DiMambro is a member of the Scientific Staff of the 
Illinois Pollution Control Board, where he functions as a 
scientific and technical adviser. In this capacity he evaluates 
scientific and technical data and formulates regulatory policies 
on pollution control. 
Mr. DiMambro was an engineer with the Wyoming Department of 
Environmental Quality, Land Quality Division from September 1980 
through February 1985. 
He received a B.S and M.S. in civil Engineering from the 
University of Massachusetts. 
Fava, James A. 
, Dr. Fava has recently been appointed Manager'of 
,Environmental Toxicology of the E,nvironemental Science Department 
of the Columbia Division of Battelle. He is responsible for the 
management of multidisciplinary research in environmental 
toxicology and hazard assessment. Specific research includes the 
development of toxicological methods, the regulation of toxic 
, chemicals and pesticides, the use of alternative species for 
toxicity testing, and the development of approaches to establish 
water quality - based NPDES limits. Previously .he was Section 
Manager of Technology and Health at Battelle. Before joining. 
Battelle, Dr. Fava was the Vice President in charge of Corporate 
Scientific Operations for EA Engineering. Prior to .that he was a 
senior res~arch bioloigist with Ichthyological Associates, Inc. 
Dr. Fava holds a B.S. in Zoology , an M.S. in Fisheries 
Biology, and a Ph.D. in Behavioral Toxicology, all from the 
University of Maryland. 
Fenner, Kenneth A. 
Mr. Fenner is Chief of the Water Qualtiy Branch, USEPA 
Region V., where he has managed since 1982, all Clean Water Act 
regulatory programs in Region V., except construction grant 
assistance to municipalities. 
Previously Mr. Fenner was Manager of Region V.'s Water and 
Hazardous Material Enforcement Programs (1980-82). His other 
positions have included Senior Cqunsel, U.S. Dept. of Energy in 
Washington; Environmental Attorney for Masonite Corporation; 
Attorney with "Region V.; and U.S. Public Health Service 
Epidemiologist. " 
Mr. Fenner holds degrees from the University of Chicago ~nd 
Kent College of Law. 
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Garrison, Wendy 
Ms. Garrison is Research scientist with the Illinois 
Hazardous Waste Research & Information center (HWRIC). In this 
capacity she evaluates industrial, economic, and environmental 
information to determine the hazardous waste related research 
needs of the state of Illinois. She assists in designing ~"RIC's 
research program and in monitoring Center-funded projects. 
Previously Ms. Garrison was Project Associate with the 
Institute for Environmental Studies, Environmental Research 
Laboratory, University of Illinois. In addition, Ms. Garrison is 
a part-time instructor in the Division of Life Sciences at 
Parkland College. 
Ms. Garrison holds a B.A. from Lake Forest College, Lake 
Forest IL, and a M.S. in Biology from the University of Illinos 
Urbana-Champaign. 
Ginsburg, ,Robert E. 
Dr. Ginsburg is Midwest Research Director with citizens for 
a Better Environment. He is responsible for program development 
and oversight in Illinois, Indiana, Wisconsin, and Minnesota; and 
has direct program responsiblity in Illinois and Indiana for 
toxic chemical control programs (including hazardous waste, air 
and water). He is also the Illinois/Indiana State Director for 
citizens for a Better Environment and is responsible for day-to-
day financial and personnel management. 
Dr. Ginsburg's other positions have included" Acting Midwest 
Director, citizens for a Better Environment; Staff 
Chemist/Toxicologist, citizens for a Better Environment; Medical 
Committee -Chicago Area Committee on Occupational satety and 
Health; and Technical Consultant, Occupational Safety and Health 
Administration (OSHA)-Region V. 
, Dr. Ginsburg holds a B.A. in Chemistry from Univeristy of 
Rochester, Rochester N.Y., and a Ph.D. in Inorganic Chemistry 
from the University of Wisconsin-Madison. 
Keller, Jane 
Dr. Keller is an Epidemiologist in the Environmental 
Toxicology Section of the Illinois Department of Public Health. 
Previously she was a Toxicologist with Armak Co. in McCook 
Illinois, and a Teaching and Research Assistant at the University 
of Illinois, Chicago school of Public Health. 
She holds a B.S. in Biology and M.S. in Toxicology from the 
University of Arizona, and a Ph.D. in Epidemiology from the 
University of Illinois, Chicago. 
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Kimerle, Richard A. 
Dr. Kimerley is Senior science Fellow with Monsanto company, 
st. Louis. Since 1968 Dr. Kimerly has served in a number of 
Monsanto's departments as Senior Research Biologist, Science 
Fellow, and Senior Science Fellow. 
Some of his many accomplishments include in:i,.tiating a 
research program on eutrophication and algal bloom phenomenon as 
related to inorganic and organic nutrients; setting up an aquatic 
toxicity laboratory to assess the impact of detergent products on 
aquatic ecosystems by using algae, invertebrates, and fish; and 
establishing a continuing program to assess the environmental 
safety of Monsanto's detergent and phosphates products from 
simple acute toxicity tests, through chronic tests and radio-
active tracer accumulation studies, and ultimately in field 
studies. 
Dr. Kimerle holds a B.S. in Conservation and wildlife 
Management and a M.S. in Aquatic Entomology both from the 
University of Missouri, and a Ph.D. in Aquatic Entomology from 
Oregon State University. . 
La Point, Thomas 
Dr. La Point is an Aquatic Ecologist with the U.S. Fish and 
wildlife Service at the Columbia National Fisheries Research 
Laboratory in Columbia, Missouri, where he is now conducting 
research on sublethal effects of pesticides on aquatic food chain 
organisms. 
Dr. La Point holds a B.S in Zoology from the University of 
Wyoming, Laramie; an M.S. in Population Bi.ology from the 
Univers.ity of Houston, Texas; and a Ph.D. in Aquatic Biology from 
Idaho State University. . 
Ma,; Te-Hsiu 
Dr. Ma is Professor of Biology at the Institute for' 
Environmental Management, Western Illinois University, Macomb. 
He has 23 years of teaching and research experience in the 
fields of cytogenetics, .radiobiology, and environmental 
mutagenesis. He was Senior scientist at the smithsonian 
Institution (1966-69), Research participant at the Oak Ridge 
National Laboratory, conducted graduater~search at the Blandy 
Experimental ·Farm at the University of Virginia, and was the 
Assistant Cytologist at the Taiwan Sugar Research Institute. 
Dr. Ma holds a B.S. from the Catholic University of Peking, 
and M.S. from National Taiwan University, and a Ph.D. from the 
University of Virginia. 
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Metcalf, Robert Lee 
Dr. Metcalf is Professor of Biology, Entomology, and 
Enviror~ental Studies at the University of Illinois, Champaign-
Urbana. 
At the University of Illinois, he has held the following 
positions: Professor, center for Advanced study; Head, Dept. of 
Zoology. He has also been a Principal scientist with the . 
Illinois Natural History Survey. In addition, he was Assistant 
and Associate Entomologist at the Tennessee Valley Authority 
wilson Dam; and at the University of California Riverside, he was 
Assistant and Associate Entomologist, Professor of Entomology and 
Entomologist, Chairman Dept. of Entomology and Vice-Chancellor. 
Dr. Metcalf holds a B.A. and M.A. from the University of 
Illinois and a Ph.D. from Cornell University. 
Miller, Gary D 
Dr. Miller is Assistant Director and Research Program 
Coordinator at the Illinois Hazardous Waste Research and 
Information Center. 
His duties include direction of Center research activities 
and monitoring the progress of contracted studies 
Previously he was Assistant Professor of civil Engineering· 
and Environmental Science at the University of Oklahoma, where he 
taught graduate-level courses in ground water quality management, 
solid waste management, and industrial hygiene and was principal 
. investigator for several research projects related to the 
chemical and biological fate of contaminants in ground water. 
Dr. Miller is co-author of three books and more than 25 
other publications. His research interests inclu~e environmental 
chemistry and biology, hazardous waste treatment and disposal,. 
resource management, and risk assessment. 
Minear, Roger A. 
Dr. Minear is Director of the Institute for Environmental 
Studies at the University of Illinois Champaign-Urbana. 
His previous experience include$ Armour T. Granger 
Professor, University of Tennessee, Knoxville; senior Development 
Staff Member, Environmental Sciences Division, Oak Ridge National 
Laboratory, Oak Ridge Tennessee; Professor, Environmental 
Engineering, Dept. of civil Engineering, University of Tennessee; 
and Senior scientist with Radian Corp. in Austin, Texas. 
Dr. Minear holds a B.S. in Chemistry, a M.S.E. in sanitary 
Engineering, and a Ph.D. in Civil Engineering, all from the 
University of Washington. 
Park, James B. 
Mr. Park is Manager of the Planning Section, Water 
Pollution Control Division, Illinois Environmental Protection 
Agency. . 
He has. been with IEPA's Water Pollution Control Division 
since 1971 and has held several positions there: Permit Section, 
Municipal and Industrial Permit Review; Liaison to USEPA on NPDES 
permit issues; Ma.nager of Technical Standards Unit. 
. Mr. Park holds a B.S. and ·M.S. in Engin~ering from Southern 
Illinois University, Carbondale. 
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Plewa, Michael J. 
Dr. Plewa is Associate Professor of Genetics at the 
Institute for Environmental studies, the Dept. of. Agronomy, and 
the Dept. of Genetics and Development at the University of 
Illinois Champaign-Urbana. 
His research interests include the analysis of the kinetics 
of induc;:::ed genetic damage in somatic and germinal cells in higher 
eukaryotes, the discovery and analysis of the phenomenon of 
plant activation Of promutagens, recombinant DNA analysis of 
induced mutation in eukaryote chromosomes, and the development of 
approaches to interface the scientific data regarding the 
genotoxic effects of agents or complex mixtures within a 
framework of policy analysis. This program carries fundamental 
research findings to recommendations that may have an impact 
upon environmental quality and the public health. 
Dr. Plewa has generated 56 published papers, ·book chapters, 
and research reports, and six graduate theses in Genetics and 
Environmental Mut.agenesis. 
Ross, Philippe 
Dr. Ross is Associate Aquatic Biologist with the Illinois 
Natural History Survey and Senior Toxicologist with the Hazardous 
waste Research and Information Center. 
In addition, Dr. Ross is Professeur associe, Dept. de 
Sciences biologiques, Universite de Montreal; and Adjunct 
Professor, Dept. of Ecology, Ethology and Evolution, University 
of Illinois, Champaign-Urbana. His previous experience includes 
Professeur adjoint, Universite de Montreal; Aquatic Ecologist, 
BEAK Consultants Ltd.; Lecturer, University of Waterloo; and· 
Professor, Dawson College, Montreal. 
Dr. Ross holds B.Sc. and M.Sc. degrees from McGill 
University, Montreal, and a Ph.D. from the University of 
Waterloo. 
Sparks, Richard E. 
Dr. Sparks is Aquatic Biologist with the Illinois Natural 
History Survey. . 
He holds a B.S. degree from Amherst College, Massachusetts; 
a M.S. in Biology from the University of Kansas, Lawrence; and a 
Ph.D. in Biology from Virginia Polytechnic Institute and State 
University, B~ackburg, virgi~ia. 
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Thomas, David L. 
Dr. Thomas is Director of the Hazardous Waste Research and 
Information center. 
Dr. Thomas directs and manages all of the acti v i ties of the 
Center's three maj or programs, which includes research on 
significant hazardous waste problems in Illinois; information 
collection, analyses, and dissemination; and industrial and 
technical assistance. He is responsible for, the annual operating 
plan and budget, and works closely witn internal and external. 
advisory panels. He coordinates the Center's hazardous waste 
management activities with other state and federal agencies, and 
with other researchers and engineers wQrking on problems of 
significance to Illinois. 
From 1970 through early 1985, he worked for two 
environmental consultant firms and a Boston-based architect-
engineering firm. He directed a number of maj or env-ironmental 
studies for various industrial facilities, including, in the 
1980s, those with hazardous waste problems. He has over 25 
publications related to a variety of environmental issues. 
Dr. Thomas received his B.S. and M.S. degrees from the 
University of Illinois, Champaign-Urbana and a Ph.D. in Ecology 
from Cornell University. 
Turnock, Bernard John 
Dr. Turnock is Director of the Illinois Department of Public 
Health. 
His previous experience includes Deputy Commissioner, 
Chicago Dept. of Health; Acting Commissioner, Chicago Dept. of 
Health; Chief, Division of Family Health, Illinois Dept. 
of Public Health; and Chief, Div~sion of Emergency Medical Services, 
Illinois Dept. of Public Health. 
In addition, Dr. Turnock holds the following faculty 
appointments: Research Associate in Pediatrics, University of 
Chicago; Assistant Professor of Community Health Services, 
University of Illinois School of Public Health; and Assistant 
Professor of Preventive Medicine and Community Health, University 
of Illinois School of Medicine. 
Dr. Turnock holds a B.S. in Biology Boston College, 
Chestnut Hill, Mass, Magna CUm Laude; a M.D. from the University 
of Illinois, Abraham Lincoln~chool of Medicine, Chicago; and a 
M.P.H. from the University of California School of Public Health, 
Berkeley, California. 
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Wang, Wun-Cheng 
Dr. Wang is a Professional Scientist in the Water Quality 
Section of the Illinois state Water Survey (ISWS). 
He has been with the ISWS since 1967. His most notable 
studies are fractionation and kinetics of sediment oxygen 
demands, determination of acid-reactive sulfide in sediments, 
determination of cation exchange capacity of suspended sediment, 
and algal assay. Since 1980 he has been in charge of the aquatic 
toxicology program at ISWS. His research efforts have been 
primarily on the use of non-fish species test methods, including 
algal and bacterial tests. Two curren~ly active tests are common 
duckweed (Lerona minor) and root elongation. 
Dr. Wang holds a M.S. from National Taiwan University and a 
Ph.D. from the University of Wisconsin, Madison. 
Whitaker, James 
Mr. Whitaker is an Aquatic Toxicologist in the Illinois 
Environmental Protection Agency's Office of Chemical Safety. 
Mr. Whitaker currently supervises the laboratory in . 
culturing fish, daphnids, and algae, conducting static and flow-
through bioassays, and other activities. In addition he 
coordinates the biomonitoring program with planning, and permits 
staff in water, land, and air pollution control divisions. He 
shared responsibility for the planning and establishment of 
IEPA's fixed and mobile biomonitoring laboratories. He was 
previously Chief Laboratory Biologist with Biological Monitoring, 
Inc., Blacksburg, Virginia and worked with Ichthyological 
Associates, Inc., Middletown, Delaware. 
Mr. Whitaker holds a B.S. in Zoology and Botony from Duke 
University, and a M.S. in Aquatic Ecology from Virginia 
Polytechnic Institute and State University, Blacksburg. 
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